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Preventive  Medicine  with  a  provisional  status  and  a  commanding  general  officer.  On  1  October 
1 995,  the  nonprovisional  status  was  approved  with  a  mission  of  providing  preventwe  medicine  and 
health  promotion  leadership,  direction,  and  services  for  America's  Army. 

The  organization's  quest  has  always  been  one  of  excellence  and  the  provision  of  quality  service. 
Today,  its  goal  is  to  be  an  established  world-class  center  of  excellence  for  achieving  and  maintaining 
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stands  firm  in  its  commitment  to  Army  readiness.  It  is  an  organization  proud  of  its  fine  history,  yet 
equally  excited  about  its  challenging Juture. 


REPORT  DOCUMBgTATION  PAGE 


Form  Approved 
0MB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  Information  is  estimated  to  average  1  hour  per  response,  Including  the  time  for  reviewing  Instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  Information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggest  ions  for  reducing  this  burden,  to  Washington  Headquarters  Services.  Directorate  for  Information  Operations  and  RMorts,  1215  Jefferson 
Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Fteductlon  Project  (0704-0188),  Washington,  DC  20503. 


1 .  AGBJCY  USE  ONLY  (Leave  blank) 


REPORT  DATE 
August  2004 


4.  TITLE  AND  SUBTITLE 

Secular  Trends  in  the  Physical  Fitness  of 

American  Youth,  Young  Adults,  and  Army  Recruits 


3.  REPORT  TYF^  AND  DATES  COVffH) 
Technical  Report 

5.  FUNDING  NUMBERS 


6.  AUTHOR(S) 

Joseph  J  Knapik,  Marilyn  A  Sharp,  Bruce  H  Jones,  Salima  Darakjy,  Sarah  Jones, 
Keith  G  Hauret,  Gene  Piskator 


7.  PERFORMING  ORGANIZATION  NAM^S)  AND  ADDRESS(ES) 

US  Army  Center  for  Health  Promotion  and  Preventive  Medicine, 
Aberdeen  Proving  Ground,  MD 

US  Army  Research  Institute  of  Environmental  Medicine, 

Natick,  MA 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

12-HF-01Q9B-04 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


10.  SPONSORING  /  MONITORING 
AG0JCY  REPORT  NUMBER 


Center  for  Accessions  Research,  Ft  Knox,  KY 


1 1 .  SUPPLEMENTARY  NOTES 


20041008  225 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 


12b.  DISTRIBUTION  CODE 


Approved  for  public  release;  distribution  is  unlimited 


13.  ABSTRACT  (Maximum  200  words) 

This  paper  reviews  the  literature  and  existing  databases  for  information  on  secular  trends  in  the  physical  fimess  of  young 
Americans  ^d  describes  changes  in  fitness  during  Basic  Combat  Training  (BCT).  The  V02max  of  male  youth  and  new 
Army  recruits  has  not  changed  while  that  of  female  youth  and  new  recruits  has  improved  slightly  from  at  least  1975  to  1998. 
Performance  has  declined  on  endurance  running  tasfe  in  a  similar  time  period.  It  may  be  that  youfli  and  recruits  are  not  as 
proficient  at  applying  their  physiological  capability  to  performance  tasla  like  timed  runs,  possibly  because  of  factors  such  as 
reduced  experience  with  running,  lower  motivation,  and/or  environmental  factors.  Limited  data  on  Army  recruits 
demonstrate  an  increase  in  strength  from  1978  to  1998  that  is  consistent  with  an  increase  in  the  frequency  of  self-reported 
youth  streiigth  training  and  an  estimated  increase  in  fat-free  body  mass  over  the  same  time  period.  Data  on  muscular 
endurance  is  not  consistent.  Among  young  Americans  there  is  strong  evidence  that  body  weight  and  body  mass  index  (BMI) 
have  progressively  increased  since  about  1980  and  this  increase  continues  into  the  2000s.  Available  evidence  suggests  that 
the  increases  in  BMI  and  body  weight  are  associated  with  an  increase  in  caloric  intake.  Most  physical  fitness  trends  can  be 
modeled  using  linear  regression  and  there  is  little  reason  to  think  the  trends  cited  above  will  not  continue  into  the  future. 
During  BCT,  men  improved  their  push-up,  sit-up,  and  2-mile  run  performance  by  an  average  of  56%,  47%,  and  17%, 
resp^tively;  women  inqjroved  an  average  of  189%,  77%  and  18%,  respectively.  To  track  future  trends  in  BMI, 
cardiorespiratory  endurance,  and  muscular  endurance  in  the  Army,  appropriate  surveillance  systems  should  be  developed  to 
systematically  collect  Army  Physical  Fitness  Test  data. 


14.  SUBJECT  TERMS  15.  NUMBER  OF  PAGES 

age,  gender,  race,  physical  training,  military  personnel,  muscle  contraction,  cardiorespiratory  87 

endurance,  V02max,  muscle  strength,  muscular  endiuance,  body  mass  index,  body  weight, 
height,  body  fat,  fat-free  mass,  push-ups,  sit-ups,  2-mile  run 


16.  PRICE  CODE 


1 7.  SECURITY  CLASSIRCATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 
OF  RffORT  OF  THIS  PAGE  OF  ABSTRACT 

Unclassified  Unclassified  Unclassified 


NSN  7540-01-280-5500 


Standard  Form  298  (Rev.  2-89) 
Prescribed  by  ANSI  Std.  Z39-18  298-102 


USAPPC  V1 .00 


USACHPPM  Report  No.12-HF-01Q9B-04 


Table  of  Contents 

Page 

Executive  Summary . ES1 

1.  REFERENCES . 1 

2.  INTRODUCTION . 1 

a.  Definitions . . . 2 

b.  Note  on  Data  Analyses . 2 

3.  DEFINING  PHYSICAL  FITNESS . 2 

a.  Components  of  Physical  Fitness:  Ability  Requirements  Approach . 3 

b.  Components  of  Physical  Fitness:  Physical  Education  Approach . 3 

c.  Components  of  Physical  Fitness:  Physiological  Approach . 4 

d.  Components  of  Physical  Fitness:  Consolidated  Definition . 6 

4.  CONSIDERATIONS  AND  LIMITATIONS  OF  THE  REVIEW .  . 7 

5.  SECULAR  CHANGES  IN  YOUTH  AND  YOUNG  ADULT  FITNESS . 9 

a.  Early  Secular  Trends . 9 

b.  Cardiorespiratory  Endurance . 9 

c.  Muscular  Endurance . 12 

d.  Weight,  Body  Mass  Index,  and  Body  Composition . 14 

(1)  Body  Weight  and  Body  Mass  Index . 15 

(2)  Body  Fat . 20 

e.  Composite  Fitness  Study . 21 

f.  Physical  Activity . 21 

g.  Physical  Activity  and  Healthy  People  2010  Recommendations . 26 

h.  Other  Studies  Regarding  Secular  Trends  in  Physical  Activity . 27 

6.  CHANGES  IN  THE  PHYSICAL  FITNESS  OF  U.S.  ARMY  RECRUITS . 28 

a.  Cardiorespiratory  Endurance . 28 

b.  Muscle  Strength . 31 

c.  Muscular  Endurance . 34 

d.  Height,  Weight,  Body  Mass  Index  and  Body  Composition . 36 

e.  Physical  Activity . 41 

7.  PHYSICAL  FITNESS  CHANGES  DURING  BCT . 41 

a.  Demographic  Composition  of  the  Sample . 42 

b.  Progressive  Changes  in  Fitness  during  BCT . 42 

c.  Changes  in  Fitness  Among  High  School  Diploma  Graduates . 45 

d.  Changes  in  Fitness  by  Race . 46 


1 


USACHPPM  Report  No.12-HF-01Q9B-04 

8.  GENERAL  DISCUSSION . 51 

a.  Cardiorespiratory  Endurance . . . . . . . 51 

b.  Muscular  Strength . . . . . . . 53 

c.  Muscular  Endurance . 53 

d.  Body  Weight,  Body  Mass  Index,  and  Body  Fat...................... . ................54 

e.  Improvements  in  Fitness  during  BCT . 58 

f.  Racial  Differences  in  Fitness  during  BCT  . . . . ...............................59 

9.  SUMMARY  AND  CONCLUSIONS . . . . . .60 

a.  Physical  Fitness  Trends . . . . . 60 

b.  Physical  Fitness  Changes  during  BCT . 62 

10.  RECOMMENDATION . 62 

Appendix  A.  References.... . A-1 

Appendix  B.  Physical  Activity  Questions  on  the  Youth  Risk  Behavior  Survey . ...B-1 

Appendix  C.  Height,  Weight  and  Physical  Activity  Questions  on  the  Behavioral 

Risk  Factor  Surveillance  Survey... . C-1 

Appendix  D.  Studies  on  Adult  Trends  in  Physical  Activity. . D-1 

Appendix  E.  Acknowledgements . E-1 


11 


DEPARTMENT  OF  THE  ARMY 

U.S.  ARMY  CENTER  FOR  HEALTH  PROMOTION  AND  PREVENTIVE  MEDICINE 
5158  BLACKHAWK  ROAD 

ABERDEEN  PROVING  GROUND,  MARYLAND  21010-5403 


MCHB-TS-DI 


Executive  Summary 

SECULAR  TRENDS  IN  THE  PHYSICAL  FITNESS  OF 
AMERICAN  YOUTH,  YOUNG  ADULTS,  AND  ARMY  RECRUITS 

USACHPPM  REPORT  NO.  12-HF-01Q9B-04 

1.  INTRODUCTION.  The  Center  for  Accession  Research  (CAR)  requested  that  the 
Army  Center  for  Health  Promotion  and  Preventive  Medicine  (CHPPM)  assess  the 
current  and  future  state  of  the  physical  fitness  of  Americans  who  are  of  military 
recruiting  age  and  determine  potential  changes  in  physical  fitness  of  this  group  by 
gender  and  race.  To  do  this  the  CHPPM  proposed  to  examine  the  literature  as  well  as 
existing  databases  for  information  on  secular  trends  in  the  physical  fitness  of  American 
youth  (aged  <18  years),  young  adults  (aged  18-21  years),  and  military  recruits.  This 
would  provide  an  assessment  of  past  and  current  trends  in  physical  fitness  that  might 
be  projected  into  the  future.  To  determine  fitness  potential,  the  CHPPM  proposed 
examining  the  literature  and  existing  databases  for  studies  indicating  how  much  fitness 
can  be  expected  to  change  among  recruits  in  Basic  Combat  Training  (BCT).  All  new 
recruits  participate  in  BCT  and  this  provides  the  most  realistic  estimate  of  how  much 
fitness  can  be  expected  to  change  in  the  short  term  in  a  military  environment. 

2.  DEFINING  PHYSICAL  FITNESS.  Physical  fitness  is  a  set  of  attributes  or 
components  that  allow  individuals  to  perform  physical  activity.  The  components  of 
physical  fitness  include  cardiorespiratory  endurance,  muscle  strength,  muscular 
endurance,  coordination,  balance,  flexibility,  and  body  composition. 

These  attributes  or  components  of  physical  fitness  can  be  linked  to  energy  systems  that 
fuel  the  muscular  contraction  necessary  for  physical  activity.  The  components  can  also 
be  linked  to  physical  measurements  (e.g.,  time,  distance,  force)  that  allow  quantification. 

3.  CONSIDERATIONS  AND  LIMITATIONS.  To  examine  secular  trends  in  youth  and 
young  adult  fitness  it  is  necessary  to  have  objective  measures  of  the  various 
components  of  physical  fitness  over  time.  Fitness  test  batteries  used  in  American 
schools  have  changed  over  time  making  it  difficult  to  follow  secular  trends.  A  few 
studies  have  reported  on  test  events  that  have  been  retained  over  a  period  of  a  few 
years  for  high-school  aged  individuals  (generally  15  to  18  years  of  age).  We  could  find 
no  systematic  testing  of  the  broad  population  of  young  adults  for  any  fitness  component 
other  than  certain  aspects  of  body  composition.  On  the  other  hand,  studies  of  new 
military  recruits  have  periodically  been  conducted  since  1975.  These  military  studies 
have  collected  the  same  fitness  measures  over  relatively  long  periods  of  time. 
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4.  SECULAR  CHANGES  IN  YOUTH  AND  YOUNG  ADULT  FITNESS 

Maximal  oxygen  uptake  (VOamax)  is  a  measure  of  cardiorespiratory  endurance 
because  it  is  directly  proportional  to  the  maximal  rate  at  which  energy  can  be  produced 
for  longer-term  physical  activity.  A  (ximpilation  of  studies  on  the  VOamax  of  boys  and 
girls  (ages  15-19  years)  showed  that  there  was  no  change  in  the  V02max  of  boys  from 
the  1930s  into  the  mid-1990s.  For  girls,  V02max  values  rose  from  the  1960s  Into  the 
mid-1980s,  declined  again  in  the  late  1980s  and  early  1990s,  but  the  latest  data  shows 
a  further  rise  in  V02max.  Contrary  to  the  studies  on  V02max,  studies  on  endurance 
running  showed  a  secular  decline  in  performance.  On  the  20-meter  shuttle  mn, 
performance  of  boys  and  girls  declined  0.43%  per  year  over  the  last  20  years  (1981- 
2000);  for  adolescent  (1 7  and  1 8  year  olds),  the  rate  of  decline  was  0.75%  to  1 .0%  per 
year.  In  a  nation-wide  sample,  the  1-mile  run  times  of  14  to  17  year  old  boys  and  girls, 
declined  15%  and  11%,  respectively,  from  1980-1989. 

With  regard  to  muscular  endurance,  from  1958  to  1985  there  was  an  increase  in 
the  proportion  of  16  to  17  year  old  boys  able  to  €X)mplete  at  least  5  pull-ups  and  16-  to 
17-year  old  girls  able  to  hold  a  flexed  arm  hang  for  at  least  12  seconds.  From  1980  to 
1989  sit-up  perfomiance  of  14  to  17  year  old  boys  and  girls  Increased  by  9%.  From 
1980  to  1989,  pull-up  performance  of  14-  to  17-year  old  boys  changed  little;  the 
perfomnance  of  the  girls  on  the  flexed-arm  hang  improved  substantially  in  1986  then 
remained  unchanged  into  1989. 

National  surveys  conducted  by  the  National  Center  for  Health  Statistics  provide 
trends  in  body  weight  and  body  mass  index  (BMI).  Different  investigations  use  slightly 
different  definitions  for  overweight  and  obese  but  in  general,  for  adults,  BMIs  of  25  to  30 
kg/m^  are  defined  as  overweight  and  BMIs>30  kg/m^are  defined  as  obese.  There  were 
only  minor  changes  In  the  prevalence  of  ovenveight  or  obesity  from  1960  to  1980.  After 
1980  the  prevalence  of  both  overweight  and  obesity  has  steadily  increased  into  2000. 
For  17-year  olds  and  20  to  29  year  olds,  temporal  shifts  towards  higher  BMI  occurred  in 
most  BMI  categories.  However,  by  far  the  largest  increases  were  among  overweight  or 
obese  individuals. 

To  examine  trends  in  physical  activity,  raw  data  was  obtained  from  the  Centers  for 
Disease  Control  and  Prevention  Behavioral  Risk  Factor  Surveillance  System  (BRFSS) 
and  Youth  Risk  Behavior  Survey  (YRBS).  The  BRFSS  involves  a  national  telephone 
Interview  that  cx>llects  self-reported,  state-specific  behavioral  risk  factor  Information  from 
adults  (ages  si  8  years).  Data  from  the  BRFSS  from  1990  to  2002  indicates  a  decline  in 
the  number  of  18-21  year  olds  reporting  no  physical  activity  in  the  last  month.  The 
YRBS  is  a  self-administered  questionnaire  taken  by  high  school  students  (grades  9  to 
12)  every  2  years  in  the  spring  from  1991  to  2001 .  Data  from  the  YRBS  indicated  that 
there  was  a  decline  In  the  number  of  days  youth  perfonned  intense  physical  activity 
from  1991  to  1997;  the  days  of  intense  activity  returned  to  the  1991  level  in  1999  and 
2001 .  The  fi^equency  of  strengthening  exercises  among  youth  was  higher  in  1999  and 
2001  compared  to  prior  years.  The  number  of  days  in  physical  education  classes 
declined  in  1995  and  1997  but  returned  to  near  1991  levels  in  1999  and  2001. 
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5.  CHANGES  IN  THE  PHYSICAL  FITNESS  OF  U.S.  ARMY  RECRUITS.  Studies 
examining  the  relative  V02max  (ml/kg/min)  of  male  recruits  on  entry  to  service  show  no 
differences  between  1975, 1978  and  1998;  women  had  4%  to  8%  higher  relative 
V02max  in  1998  compared  to  1975  and  1978,  respectively.  Two-mile  run  times  were 
5%  slower  for  men  and  to  6%  slower  for  women  in  2003  compared  to  1 988.  Limited 
data  on  the  muscle  strength  of  new  recruits  showed  that  on  4  separate  tests,  maximum 
voluntary  strength  was  3%  to  34%  higher  (depending  on  the  muscle  group  examined)  in 
1 998  compared  to  1 978  and/or  1 983.  T rends  in  the  muscular  endurance  of  new 
recruits  were  mixed:  for  men,  push-ups  (PU)  performance  improved  from  1984  to  2003 
but  sit-up  (SU)  performance  declined;  for  women,  there  was  virtually  no  secular  trend 
for  PU  or  SU  in  this  same  time  period.  There  were  increases  in  body  weight,  BMI,  body 
fat,  and  fat-free  mass  from  1978  to  1998  for  both  men  and  women.  One  study  indicated 
that  about  Vz  the  body  weight  gain  was  from  fat  and  about  Vz  from  fat-free  mass. 

6.  PHYSICAL  FITNESS  CHANGES  DURING  BCT.  Fort  Jackson  provided  Army 
Physical  Fitness  Test  (APFT)  raw  scores  and  demographics  for  14,499  men  and  9,595 
women  who  participated  in  BCT  from  May  1999  through  April  2000.  Most  of  the  men 
and  women  were  single  (about  87%),  white  (about  60%);  high  school  graduates  (about 
78%)  and  were  in  the  Regular  Army  (about  62%).  Black  men  made  up  about  %  of  the 
male  sample  and  Black  women  1/3  of  the  female  sample.  Men  improved  their  PU,  SU 
and  2-mile  run  performance  by  an  average  of  18  repetitions,  20  repetitions,  and  2.9 
minutes,  respectively.  This  represented  an  average  relative  improvement  of  56%,  47% 
and  17%,  respectively.  Women  improved  their  PU,  SU  and  2-mile  run  performance  by 
an  average  of  1 7  repetitions,  26  repetitions,  and  3.8  minutes,  respectively.  This 
represented  an  average  relative  improvement  of  189%,  77%  and  18%,  respectively. 
When  the  data  were  analyzed  by  the  racial  categories  Black,  White  and  Other,  some 
differences  emerged.  For  men,  the  “Other”  racial  category  and  Blacks  performed  more 
PU  than  White  recruits  at  the  start  of  training  and  generally  maintained  the  difference 
throughout  training.  Male  Black  recruits  performed  more  SU  than  White  recruits  at  the 
start  of  training  but  White  recruits  had  reduced  the  difference  by  the  end  of  training. 
Female  Black  recruits  ran  slower  than  female  White  recruits  at  the  start  of  training  but 
Black  recruits  had  reduced  the  initial  time  gap  by  Vz  by  the  end  of  training. 

7.  GENERAL  DISCUSSION.  The  review  suggests  that  the  V02max  of  male  youth  and 
recruits  has  not  changed  while  that  of  female  youth  and  recruits  improved  from  the 
1960s  into  the  1990s.  Performance  on  endurance  running  tasks  has  declined  (run 
times  are  slower).  It  may  be  that  youth  and  recruits  are  not  as  proficient  at  applying 
their  physiological  capability  (V02max)  to  performance  tasks  like  runs  for  time  possibly 
because  of  factors  such  as  reduced  experience  with  running,  lower  motivation,  and/or 
environmental  factors.  There  is  some  limited  evidence  that  increased  participation  in 
sports  and  exercise  is  associated  with  the  improvement  in  female  youth  and  recruit 
V02max. 

Limited  data  on  Army  recruits  demonstrate  an  increase  in  strength  from  1978  to 
1998  that  is  consistent  with  the  increase  in  strength  training  frequency  reported  in  the 
YRBS  and  an  estimated  increase  in  muscle  mass  over  the  same  time  period.  Among 
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youth,  young  adults  and  recruits  there  Is  strong  evidence  that  body  weight  and  BMI 
have  progressively  increased  since  1980  and  this  increase  continues  into  the  2000s. 
Available  ewdence  suggests  that  the  Increases  In  BMI  and  body  weight  are  due 
primarily  to  an  increase  in  caloric  intake.  Physical  activity  appears  to  have  increased 
but  this  increase  has  apparently  not  been  enough  to  offset  the  Intake  of  fcwd. 

It  is  difficult  to  explain  the  lower  PU  and  SU  performance  of  White  men  compared 
to  Black  men.  There  was  little  literature  on  this  topic.  Black  women  demonstrated  lower 
VOamax,  lower  hemoglobin  levels,  greater  smoking  prevalence,  and  lower  lung  capacity 
than  their  White  counterparts.  These  differences  could  account  for  some  of  the 
difference  in  run  time  at  the  start  of  BCT.  During  BCT,  Black  women  improved  their 
running  speed  at  a  faster  rate  than  White  women  and  the  literature  indicates  that  they 
have  lower  overall  attrition  during  training. 

8.  SUMMARY  AND  CONCLUSIONS.  Most  physical  fitness  trends  involving 
cardiorespiratory  endurance,  muscle  strength,  muscular  endurance,  body  weight,  and 
BMI  can  be  modeled  using  linear  regression.  From  a  mathematical  point  of  view  there 
is  little  reason  to  think  the  trends  cited  above  will  not  continue  into  the  future.  However, 
actions  taken  at  the  national  level  and  supported  by  data  on  youth  physical  activity  from 
the  YRBS  may  suggest  that  there  has  been  some  moderation  of  unfavorable  trends  like 
the  decline  in  mnning  performance.  A1996  U.S.  Surgeon  General’s  report  highlighted 
the  lack  of  physical  activity  among  youth,  young  adults  and  adults.  Increased  self- 
reported  youth  physical  activity  and  increased  participation  in  physical  education 
classes  can  be  observed  in  the  YRBS  data  after  publication  of  this  report  and  the 
attention  generated  by  it. 

There  is  currently  no  data  indicating  that  the  trend  toward  increased  body  weight 
and  BMI  will  be  mitigated.  In  2001,  the  U.S.  Surgeon  General  highlighted  the  trend  in 
overweight  and  obesity  with  a  publication  and  call  to  action  that  generated  increased 
media  attention  regarding  the  topic.  Whether  or  not  this  will  influence  the  trends  in 
overweight  and  obesity  Is  not  known  at  this  point,  but  data  from  the  National  Health  and 
Nutrition  Examination  Survey  (NHANES)  and  BRFSS  can  be  used  to  track  future  trends 
in  body  weight  and  BMI. 

9.  RECOMMENDATION.  To  track  future  trends  in  the  fitness  of  the  Anny  appropriate 
surveillance  systems  should  be  developed  within  the  Army  using  the  Army  Physical 
Fitness  Test  (APFT)  as  the  basis.  The  APFT  is  given  on  a  regular  basis  in  BCT  and 
Advanced  Individual  Training  (AIT)  and  twice  a  year  in  operational  Army  units. 

Databases  already  exist  on  many  Army  company  and  battalion-level  computer  systems 
that  allow  tracking  Individual  soldier’s  weight,  height,  PU  score,  SU  score,  and  run 
score.  This  system  could  be  standardized  in  a  user-friendly  way  so  military  units  can 
obtain  the  information  they  need  (e.g.,  who  is  overweight,  who  failed  the  APFT,  who 
scored  high  on  the  APFT)  while  the  data  enters  a  broader  Army  surveillance  system. 

The  broader  surveillance  system  would  allow  systematic  tracking  over  time  (and  over 
soldiers’  careers)  of  BMI,  cardiorespiratory  endurance,  and  muscular  endurance. 
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1.  REFERENCES.  References  used  in  this  report  are  in  Appendix  A. 

2.  INTRODUCTION. 

There  is  a  perception  that  young  Americans  are  less  physically  active  and  less 
physically  fit  than  they  have  been  in  past  years.  Press  reports  cite  the  facts  that  young 
people  are  overweight,  physically  inactive,  and  are  not  obtaining  proper  nutrition 
(92,139).  There  is  a  concern  that  individuals  are  entering  the  military  physically 
unprepared  and  this  could  have  an  impact  on  future  readiness  (18,30,139).  However, 
some  of  these  reports  are  based  on  anecdotal  or  self-reported  information  (18,30)  and 
do  not  address  objective  measures  of  physical  fitness.  Other  articles  (92,1 39)  cite 
specific  problems  but  do  not  consider  the  broader  scope  of  physical  fitness.  Physical 
fitness  has  many  components  (e.g.,  cardiorespiratory  endurance,  muscle  strength, 
muscular  endurance,  body  composition)  and  to  effectively  evaluate  the  fitness  of  young 
Americans  each  of  these  fitness  components  should  be  considered. 

The  Center  for  Accession  Research  (CAR)  requested  that  the  Army  Center  for 
Health  Promotion  and  Preventive  Medicine  (CHPPM)  assess  the  current  and  future 
state  of  fitness  of  Americans  of  recruiting  age  and  determine  potential  changes  in  the 
physical  fitness  of  this  group.  Specifically,  the  CAR  asked  the  CHPPM  to  measure  or 
estimate  the  current  fitness  level  of  the  Army’s  prime  market  by  gender  and  race 
examining  both  fitness  level  and  fitness  potential.  In  addition,  it  was  requested  that  the 
future  fitness  level  of  the  Army’s  prime  market  be  determined.  The  Army  prime  market 
was  defined  as  17  to  21  year  olds  with  a  high  school  diploma.  To  accomplish  the  CAR 
request,  CHPPM  proposed  to  review  the  literature  for  studies  that  examined  secular 
trends  in  the  physical  fitness  of  American  youth  and  young  adults.  This  would  allow  an 
examination  of  past  and  current  trends  in  physical  fitness  that  could  be  projected  Into 
the  future.  To  determine  fitness  potential,  the  CHPPM  proposed  examining  the 
literature  and  existing  databases  for  information  indicating  how  much  fitness  can  be 
expected  to  change  in  Basic  Combat  Training  (BCT).  All  new  recruits  participate  in  BCT 
and  this  provides  the  most  realistic  estimate  of  how  much  fitness  can  be  expected  to 
change  in  the  short  term  once  a  recruit  has  entered  military  service. 
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This  paper  will  first  define  physical  fitness  to  achieve  a  common  understanding  of 
the  term  for  the  purposes  of  this  paper.  The  civilian  literature  and  available  databases 
will  then  be  examined  to  determine  whether  or  not  there  have  been  changes  over  time 
(secular  changes)  In  the  physical  fitness  of  American  youth  and  young  adults.  Military 
studies  and  databases  will  then  be  reviewed  both  to  examine  secular  changes  In  the 
fitness  of  new  recruits  and  to  examine  how  much  physical  fitness  can  be  expected  to 
change  In  BCT.  After  presenting  this  Information  Inferences  will  be  made  on  future 
trends  in  physical  fitness. 

a.  Definitions.  In  this  paper  “youth”  is  used  to  refer  to  Individuals  who  are  less 
than  1 8  yearn  of  age.  “Young  adulf  is  used  to  refer  to  individuals  18  to  21  years  of  age, 
“Adults”  refers  to  individuals  over  21  years  of  age.  Individuals  <18  years  of  age  are 
referred  to  as  boys  and  girls.  Individuals  si  8  years  of  age  and  older  are  referred  to  as 
men  and  women.  Where  populations  or  groups  overlap,  the  predominate  age  group 
determines  the  use  of  a  descriptive  term. 

b.  Note  on  Data  Analyses.  At  times,  databases  were  obtained  from  a  number  of 

sources  and  secondary  analyses  were  performed  on  these  databases  to  answer 
specific  questions.  Where  particular  statistical  techniques  were  used,  these  are 
described  in  the  appropriate  locations.  Differences  are  generally  calculated  as:  ((Final 
Value-Initial  Value)/lnitial  Value)  X  100%.  A  variety  of  curve  fitting  procedures  were 
used  to  examine  trends  in  various  fitness  measures  over  time  including  linear, 
polynomial,  exponential,  logarithmic,  and  power  fits.  With  a  few  exceptions  that  will  be 
discussed,  a  linear  fit  was  able  to  account  for  almost  as  much  variance  as  alternate  fits. 
Alternatives  to  linear  modeling  generally  added  little  explanatory  infomiation  in  all  but  a 
few  cases. 

3.  DEFINING  PHYSICAL  FITNESS. 

A  review  of  the  literature  on  youth  physical  fitness  must  necessarily  start  with  a 
definition  of  the  concept  of  physical  fitness.  There  appears  to  be  broad  agreement  on 
what  constitutes  physical  fitness  but  different  authors  have  defined  the  term  In 
somewhat  different  ways  (16,22,48,56,107,135).  A  commonly  cited  definition  is  “the 
ability  to  carry  out  daily  tasks  with  vigor  and  alertness,  without  fatigue,  and  with  ample 
energy  to  enjoy  leisure-time  pursuits  and  to  meet  unforeseen  emergencies”  (1). 

Another  definition  Is  “a  set  of  attributes  that  relate  to  the  ability  of  people  to  perform 
physical  activity”  (91).  The  World  Health  Organization  defined  fitness  as  “the  ability  to 
perform  muscular  work  satisfactorily”  (16). 

The  term  “physical  fitness”  implies  the  ability  to  move  in  an  energetic,  optimal,  or  at 
least  satisfactory  manner  (i.e.,  “fitness”)  In  the  corporeal  (i.e.,  “physical”)  environment. 
For  human  movement  to  occur,  muscular  contraction  is  needed  and  to  accomplish  a 
task,  muscular  contractions  must  be  coordinated  and  goal  directed.  Physical  fitness  Is 
not  a  single  characteristic  but  has  a  number  of  attributes  or  components  that  can  be 
identified  and  quantified.  Based  on  these  physical  and  physiological  considerations  a 
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more  appropriate  definition  of  physical  fitness  might  be  a  set  of  attributes  that  allows 
individuals  to  performance  of  purposeful,  coordinated  physical  activity  in  a  satisfactory 
manner. 

These  definitions  provide  a  broad  description  of  physical  fitness  but  the  concept 
can  be  further  refined  by  describing  the  specific  types  of  behaviors,  attributes,  or 
capabilities  involved.  These  are  termed  the  “components”  of  physical  fitness  and 
provide  measurable  constructs  that  can  be  used  to  quantify  physical  fitness.  Fitness 
components  were  determined  by  presenting  individuals  with  a  broad  array  of  physical 
tasks  for  which  quantitative  performance  measures  could  be  obtained.  Correlational 
and  factor  analytic  techniques  were  used  to  assemble  the  physical  tasks  into  groups 
having  a  hypothetical  common  performance  requirement.  In  a  series  of  studies,  a 
number  of  factors  were  identified  and  these  have  been  categorized  somewhat 
differently  by  different  authors  (13,25,39,40,41,54,95,107,145).  There  are  at  least  three 
different  approaches  to  characterizing  fitness  components  that  can  be  identified  in  the 
literature:  the  Ability  Requirement  Approach,  the  Physical  Education  Approach,  and  the 
Physiological  Approach. 

a.  Components  of  Physical  Fitness:  Ability  Requirements  Approach 

Fleishman  and  Quaintance  (41)  developed  the  Ability  Requirement  Approach,  the 
general  objective  of  which  was  to  describe  the  fewest  independent  ability  categories 
that  are  useful  and  meaningful  in  describing  human  performance  on  the  widest  variety 
of  tasks.  The  physical  proficiency  factors  described  in  Table  1  were  identified  using  the 
factor  analytic  techniques  described  above  (39,40,41 ,54,95).  Note  that  the  Ability 
Requirement  Approach  does  not  attempt  to  define  physical  fitness  components  perse 
but  rather  characterize  human  physical  capabilities.  The  capabilities  shown  in  Table  1 
are  those  that  require  primarily  physical  rather  than  cognitive  performance. 


Table  1.  Human  Physical  Capabilities  Defined  from  the  Ability  Requirement  Approach  (from  Reference  Number  41) 


Physical  Capability 

Definition 

Stamina 

Ability  to  sustain  physical  effort  involving  the  cardiovascular  system 

Ability  to  exert  maximal  strength  against  a  fairly  Immovable  object 

Ability  to  exert  muscular  force  repeatedly  or  continuously  over  time 

Trunk  Strength 

Ability  to  exert  muscular  force  of  the  trunk  muscles  repeatedly  or  continuously  over  time 

Ability  to  expend  a  maximum  of  energy  in  one  or  a  series  of  bursts 

Ability  to  perform  movements  that  simultaneously  involve  the  entire  body 

Ability  to  maintain  or  regain  body  balance,  especially  where  equilibrium  is  threatened 

I  Extent  Flexibility 

Ability  to  extend  or  stretch  the  body 

Ability  to  move  trunk  and  limbs  quickly  and  through  a  wide  range  of  motion 

b.  Components  of  Physical  Fitness:  Physical  Education  Approach 


Physical  educators  (25,48,107)  have  distinguished  between  athletic  fitness  (also 
called  motor  or  skill-  related  fitness)  and  health-related  fitness.  Athletic  fitness  involves 
a  wide  range  of  components  involved  in  human  movement  ability.  The  smaller  number 
of  health-related  fitness  components  are  those  demonstrated  to  be  related  to  the 
improvement  or  maintenance  of  health.  Table  2  shows  the  fitness  components 
associated  with  athletic  and  health-related  fitness  (25,107).  Corbin  et  al.  (25)  provides 
specific  definitions  for  these  fitness  components  and  these  definitions  are  shown  in 
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Table  3.  The  health-related  fitness  components  have  been  endorsed  and  adopted  by 
epidemiologists  (22). 


Table  2>  Components  of  Athletic  and  Health-Related  Fitness  (Modified  finom  Reference  Number  107) 


Component 

Athletic  Fifiiess® 

Muscular  Strength 

Yes 

Yes 

Muscular  Endurance 

Yes 

Yes 

Cardiorespiratory  Endurance 

Yes 

Yes 

Flexibility 

Yes 

Yes 

Body  Composition 

Yes 

Yes 

Power 

Yes 

No 

Speed 

Yes 

No 

Agility 

Yes 

No 

Balance 

Yes 

No 

Coordination 

Yes 

No 

Ves*  indicates  that  the  component  of  fitness  in  ttie  row  Is  included  in  the  column  definifion  (atttletic  or  health-related  fitness)  Mb 
a  *no*  indicates  it  Is  not 


Table  3.  Components  of  Ph^ical  Fitness  Defined  in  tfie  Physical  Education  Literature  (from  Reference  Number  25) 


Definition 

Muscular  Strength 

Amount  of  external  force  that  a  muscle  [graup]  can  exert 

Musojfar  Endurance 

Ability  of  musde  groups  to  exert  external  forces  for  many  repetitions  or  successive 
exertions 

Cardiorespiratory  Endurance 

Ability  of  the  circulatory  and  respiratory  systems  to  supply  ftiel  during  sustained  physical 
activity 

Flexibility 

Range  of  motion  available  at  the  joint 

Body  Composition 

Relative  make  up  of  tiie  body  in  muscle,  fat,  bone  and  other  vital  parts 

Power 

Ability  to  transfer  energy  into  force  at  a  fast  rate  of  speed 

Speed 

The  ability  to  ferform  movements  in  a  short  feriod  of  time 

Agility 

Ability  to  rapidly  change  positions  of  the  entire  body  In  space  wth  speed  and  accuracy 

Balance 

Maintenance  of  equilibrium  while  stetionary  or  moving 

Cooidinalion 

Ability  to  use  the  senses,  such  as  sight  or  hearing,  together  with  the  body  parts  in 
performing  motor  tasks  smoothly  and  accurately 

c.  Components  of  Physical  Fitness;  Physiological  Approach 

The  Physiological  Approach  refines  the  Ability  Requirement  and  Physical 
Education  approaches  by  more  accurately  characterizing  the  components  of  fitness  in 
terms  of  the  physical  principles  involved,  the  energy  systems  recruited  to  fuel  the 
activity,  and  the  neuromuscular  control  necessary  to  accomplish  the  physical  activity 
(44,55,75,91 ,135).  Body  composition  is  an  important  fitness  component  because  the 
quantity  and  distribution  of  muscle,  fat  and  other  tissue  will  determine  the  capacity  for 
optimal  physical  performance. 

Muscle  strength  is  the  ability  of  a  muscle  group  to  exert  a  maximal  force  in  a  single 
voluntary  contraction.  An  example  is  the  ability  to  manually  lift  a  box  that  contains  as 
much  weight  as  possible  for  an  individual  to  lift.  Energy  Is  derived  primarily  from 
splitting  phosphagen  molecules  from  adenosine  triphosphate  (ATP)  In  the  active 
muscles. 
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Muscular  endurance  is  the  ability  of  a  muscle  group  to  perform  short-term,  high- 
intensity  physical  activity.  Early  in  the  muscular  endurance  activity  (first  few  seconds) 
energy  will  be  derived  from  ATP  and  creatine  phosphate  (CP)  but  as  the  duration  of  the 
activity  lengthens  to  more  than  a  few  seconds,  energy  will  be  derived  from  glycogen  in 
the  active  muscles.  Examples  of  muscular  endurance  events  are  200-400  meter 
sprints,  push-ups  (PU),  or  manually  lifting  heavy  boxes  so  that  fatigue  occurs  relatively 
quickly  (<1.5min). 

Muscular  power  is  related  to  muscle  strength  and  muscular  endurance  but  also 
involves  a  time  component.  Power  is  defined  as  force/time  and  thus  muscular  power  is 
the  ability  of  a  muscle  group  to  develop  force  quickly.  If  the  activity  is  performed  very 
quickly  energy  will  be  derived  primarily  from  adenosine  triphosphate  (ATP)  in  the  active 
muscles.  If  power  is  required  for  a  short  period  of  time  (<10  sec),  not  only  ATP  but  also 
creatine  phosphate  (CP)  in  the  active  muscle  will  be  used  as  an  energy  source. 
Examples  of  maximal  power  events  are  quickly  lifting  a  heavy  weight  (power  lifting)  or 
jumping  up  to  reach  the  top  of  a  wall.  An  example  of  a  sustained  power  event  is  a  short 
sprint  (<30  sec). 

Cardiorespiratory  endurance  is  the  ability  to  sustain  long-term,  low-power  physical 
activity.  Cardiorespiratory  endurance  depends  on  the  functioning  of  the  circulatory  and 
respiratory  systems.  Energy  is  primarily  derived  from  carbohydrates  (glucose, 
glycogen)  and  lipids  with  minor  amounts  from  protein.  Carbohydrates  and  lipids  are 
stored  in  the  active  muscles  and  other  organs  (liver,  kidney,  adipose  tissue).  Examples 
of  cardiorespiratory  events  include  long-distance  running  or  manually  lifting  lighter 
boxes  for  several  minutes  or  hours. 

Body  composition  refers  to  the  amount  of  various  tissues  in  the  body.  Body 
composition  can  be  quantified  by  a  number  of  methods  and  the  intact  human  body  can 
be  partitioned  into  compartments  that  include  fat  mass  and  fat-free  mass  (120).  The  fat- 
free  mass  compartment  includes  everything  that  is  not  fat  and  is  composed  primarily  of 
muscle,  bone,  and  mineral.  Some  techniques  allow  bone  tissue  to  be  partitioned  out  of 
fat-free  mass  so  that  3  compartments  (fat,  bone,  and  lean  tissue)  can  be  distinguished 
and  the  remaining  lean  tissue  compartment  has  a  larger  proportion  of  muscle  tissue 
mass  (88).  Muscle  mass  is  highly  correlated  with  absolute  strength  (58,59,89),  power 
production  (51),  cardiorespiratory  endurance  (136)  and  the  performance  of  many 
physical  tasks  (52,136).  Individuals  with  more  fat  tend  to  have  more  difficultly 
performing  certain  tasks,  especially  those  requiring  weight  bearing  activity  and 
cardiorespiratory  endurance  (28,136). 

Agility,  balance  and  coordination  involve  muscular  contraction  and  will  recruit 
energy  systems  in  proportion  to  the  intensity  of  the  contraction  and  the  duration  of  the 
activity.  However,  neuromuscular  control  is  a  primary  characteristic  of  tasks  requiring 
agility,  balance,  or  coordination.  For  example,  consider  an  obstacle  course.  The  ability 
to  quickly  move  over,  under  and  around  obstacles  requires  the  coordinated  action 
(neuromuscular  control)  of  a  number  of  muscle  groups.  The  movement  is  “agile”  in 
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proportion  to  its  speed  and  to  the  extent  that  unnecessary  movements  are  avoided 
(economical  movement).  In  the  case  of  balance,  neuromuscular  control  Is  used  to 
Inhibit  unwanted  muscular  contractions  to  obtain  a  required  state  of  static  (little  or  no 
movement)  or  dynamic  (movement  in  a  specific  direction)  equilibrium.  For  example, 
consider  standing  on  a  narrow  board.  The  individual  is  “balanced"  in  proportion  to  his  or 
her  ability  to  sustain  static  muscular  contractions  that  result  in  little  or  no  movement  on 
the  board. 

For  convenience,  fitness  components  are  portrayed  as  discrete  elements. 

However,  many  of  these  components,  specifically  muscular  strength,  muscular 
endurance,  and  cardiorespiratory  endurance,  actually  exist  on  a  continuum.  This 
continuum  is  characterized  by  the  intensity  of  the  muscular  contraction,  the  energy 
systems  used,  and  how  soon  fatigue  ensues.  Very  short  term,  very  high  intensity 
contractions  that  results  in  fatigue  in  a  few  seconds  will  recmit  primarily  ATP-CP.  These 
Involve  primarily  strength-type  activities.  High  intensity  contractions  that  results  in 
fatigue  in  a  longer  period  of  time  (20-90  seconds)  will  recruit  ATP-CP  early  in  the 
contraction  but  also  glucose  later  in  the  contraction.  As  the  intensity  of  the  contraction 
further  diminishes  (<15%  of  a  maximal  voluntary  contraction)  and  the  time  to  fatigue 
increases  (2  minutes  to  hours)  more  glucose  and  free-fatty  acids  (with  small  amounts  of 
protein)  will  be  utilized.  Another  way  to  picture  this  is  that  the  intensity  of  muscle 
contraction  is  tied  along  a  continuum  to  the  time  to  fatigue  and  the  energy  source  used. 

d.  Components  of  Physical  Fitness:  Consolidated  Definition 

Table  4  shows  the  common  components  of  physical  fitness  In  the  Ability 
Requirement,  Physical  Education,  and  Physiological  approaches  based  on  a  conceptual 
understanding  of  terms,  physical  measurements  used,  and  the  metabolism  involved, 
where  possible.  Physical  measures  can  be  used  to  quantify  individual  differences  In 
these  fitness  components  and  thus  describe  levels  of  fitness.  While  the  approaches 
use  somewhat  different  terms,  the  Ability  Requirement  Approach  appears  to  closely 
match  the  Physical  Education  Approach  for  all  components  but  body  composition.  The 
specific  components  of  fitness  described  in  the  three  approaches  can  be  grouped  Into 
broader  generic  concepts  for  the  purposes  of  this  paper.  The  reason  for  this  is  that 
generic  terms  are  more  closely  linked  to  the  energy  systems  involved  and  the  terms  are 
more  easily  understood.  The  only  fitness  components  measured  in  studies  that 
examine  secular  trends  in  fitness  include  muscular  strength,  muscular  endurance,  and 
body  composition,  as  will  be  discussed  later. 

While  it  is  possible  to  link  physiological  energy  systems  with  some  components  of 
fitness,  this  linkage  for  other  components  depends  on  the  activity  and  the  length  of  time 
the  activity  is  performed.  For  example,  a  coordination/agility  task  requiring  Individuals  to 
move  quickly  around  a  series  of  obstacles  that  takes  an  average  of  30  seconds  to 
complete  at  a  maximal  effort  would  involve  primarily  ATP-CP-glycogen.  Longer  agility 
events  would  recmit  glucose  and  free  fatty  acids.  Flexibility  movements  through  a 
range  of  joint  motion  that  takes  1-2  seconds  to  complete  would  require  energy  only  from 
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ATP.  If  the  movement  is  performed  for  longer  periods  of  time  other  energy  systems 
would  be  recruited. 


Table  4.  Comparison  of  Physical  Fitness  Components  in  Ability  Requirement  Approach,  Physical  Education  Approach  and 
Physiological  Approach _ _ _ _ 


Generic  Term 

Human  Ability  Category 

Physical  Education 

Physical  Measure 

Muscular  Strength 

Static  Strength 

Explosive  Strength 

Muscle  Strength 

Power  (maxima!) 

Maximal  force/power 

ATP^ 

Muscular  Endurance 

Dynamic  Strength 

Trunk  Strength 

Muscular  Endurance 

Power  (sustained) 

Speed 

Short-term  sustained 
force/power 

Cardiorespiratory 

Endurance 

Stamina 

Cardiorespiratory  Endurance 

Speed/distance  or  long¬ 
term  sustained  force/power 

Giycogen/Glucose/FFA'^ 

Coordination 

Gross  Body  Coordination 

Agility 

Coordination 

Speed/distance  (deviation 
from  desired  movement) 

d 

Balance 

Gross  Body  Equilibrium 

Balance 

Distance  (deviation  from 
desired  posture) 

- a - 

Flexibility 

Flexibility 

Distance  (range  of  motion) 

a  i.  . 

Body  Composition 

Body  Composition 

Mass  (body  tissue  amount) 

(related  to  tissue  type) 

®ATP=  adenosine  triphosphate 
‘’CP=creatine  phosphate 

®FFA=free  fatty  adds;  minor  amounts  of  protein  also  used 
Varies  depending  on  power  output  and  length  of  time  of  movement 


4.  CONSIDERATIONS  AND  LIMITATIONS. 

Having  defined  the  components  of  physical  fitness  we  can  now  look  in  the 
literature  to  see  which  studies  have  examined  these  components  in  relation  to  youth  or 
young  adult  fitness  and  what  databases  are  available  to  assist  in  this  effort.  However, 
there  are  several  limitations.  In  order  to  examine  secular  trends  it  is  necessary  to  have 
objective  measures  of  the  various  components  of  physical  fitness  over  time.  Physical 
fitness  testing  began  in  the  schools  of  the  United  States  (U.S.)  in  the  1880s  but  testing 
did  not  become  widespread  until  the  1950s  when  the  American  Alliance  for  Health, 
Physical  Education  and  Recreation  (AAHPER)  established  a  widely  used  fitness 
evaluation.  This  test  included  events  that  measured  both  athletic  and  health-related 
fitness.  In  the  late  1970s  and  early  1980s  physical  educators  moved  away  from  test 
events  that  measured  athletic  fitness  and  emphasized  events  that  measured  health- 
related  fitness.  Athletic  fitness  events  measuring  power  (standing  broad  jump,  softball 
throw),  speed  (50-yard  dash),  and  agility  (shuttle  run)  were  deleted  from  test  batteries. 
Tests  that  involved  more  health-related  fitness  components  (e.g.,  cardiorespiratory 
endurance,  muscle  strength,  body  composition)  were  increasingly  adopted.  Individual 
events  to  measure  these  health-related  components  were  sometimes  changed  as  new 
knowledge  developed.  The  movement  towards  health-related  fitness  events  was  due  to 
an  evolution  in  thinking  in  the  physical  education  and  medical  communities  that  physical 
activity  should  be  directed  away  from  athletic  performance  and  toward  good  health  and 
the  prevention  of  medical  problems  (3,26,107). 

The  changing  of  test  items  overtime  presents  problems  when  examining  secular 
trends.  Even  if  2  test  items  are  measuring  the  same  fitness  component  the  2  Items 
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cannot  be  reasonably  wsmpared  because  ditferent  tests  produce  different  performance 
values.  For  example,  consider  the  change  on  the  AAHPER  test  from  a  600-yard  run  on 
the  1975  test  to  a  1-mile  run  on  the  1980  test  (26).  It  is  obvious  that  the  run  times  on 
the  2  tests  would  be  radically  different.  Attempts  could  be  made  to  equate  the  two  tests 
by  regression  analysis  (assuming  access  to  individual  data)  but  this  would  be  subject  to 
some  error  for  physiological  (e.g.,  fatigue,  energy  systems  used)  and 
cognitive/psychological  reasons  (e.g.,  pacing,  length  of  the  test).  The  ranking  of 
individuals  on  one  test  would  not  be  expected  to  be  exactly  the  same  as  the  ranking  of 
individuals  on  the  other  test.  Because  of  these  factors,  the  use  of  the  regression 
approach  would  make  detecting  subtle  temporal  differences  difficult  to  accurately 
assess. 

A  less  serious  problem  than  the  changing  of  test  items  but  a  problem  that  Is  also 
Important  to  consider  is  the  elimination  of  athletic  fitness  events.  In  the  early  test 
batteries,  events  measuring  athletic  fitness  components  like  power,  speed,  and  agility 
were  included.  Secular  comparisons  of  these  Items  would  have  been  useful  because 
many  of  these  fitness  components  are  important  from  a  military  perspective.  Examples 
of  useful  eliminated  test  events  Include  the  standing  broad  jump  and  the  shuttle  run. 
These  events  were  included  in  the  1958  AAHPER  test  battery  but  not  the  1980  test 
battery  (107).  The  standing  broad  jump  measures  leg  power  (the  ability  of  the  legs  to 
develop  force  rapidly).  Individuals  able  to  generate  more  leg  power  would  be  expected 
to  propel  their  bodies  higher  into  the  air  and  thus  more  easily  get  over  higher  walls,  a 
task  often  required  of  soldiers.  The  shuttle  run  Is  a  measure  of  agility  (the  ability  to 
rapidly  change  the  direction  of  the  body  quickly  and  accurately).  Soldiers  may  have  to 
move  quickly  and  nimbly  toward  an  objective  across  terrain  that  contains  debris  or 
obstacles. 

Another  limitation  of  many  studies  of  youth  and  young  adult  fitness  Is  that  they  do 
not  compile  information  accxjrding  to  age  groups  that  would  be  of  most  use  to  the 
military.  It  would  be  ideal  if  fitness  information  were  reported  on  high-school  graduates 
18  to  21  years  of  age  (Army’s  prime  market).  However,  studies  often  collect  fitness 
data  on  high-school  aged  individuals  (generally  15  to  18  years  of  age)  because  this  is 
an  easily  defined  population  that  can  be  accessed  for  fitness  testing  at  high  schools 
located  in  every  community  in  America.  For  the  purposes  of  this  paper,  this  represents 
only  the  youngest  of  the  Army’s  prime  market  and  individuals  who  have  not  yet 
achieved  their  high  school  diplomas.  A  few  studies  have  examined  adults  over  age  18 
but  virtually  no  study  specifically  examined  the  18  to  21  year  old  age  group.  Some 
studies  include  age  groups  that  approximate  the  Army’s  prime  market  and  other  studies 
provide  age  groups  in  1  year  increments.  In  some  cases  it  was  possible  to  access 
databases  that  allowed  analyses  of  military  age  groups.  Where  possible,  this  paper 
highlights  information  that  approximates  the  Army’s  prime  market. 
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5.  SECULAR  CHANGES  IN  YOUTH  AND  YOUNG  ADULT  FITNESS. 

a.  Early  Secular  Trends 

The  AAHPER  youth  fitness  tests  were  first  introduced  in  1957/1958.  A  comparison 
of  scores  on  this  early  test  battery  to  a  similar  test  battery  in  1 965  showed  that  test 
scores  were  higher  in  1965  (26,57).  However,  this  comparison  may  not  have  been 
valid.  In  1958  the  AAPER  test  battery  appears  to  have  been  introduced  with  little 
announcement  or  preparation.  By  1965,  the  test  battery  was  well  known  and  it  was 
possible  to  prepare  students  fortesting  (26,81).  Test  items  in  common  in  1958  and 
1965  included  sit-ups  (SU)  (straight  leg),  shuttle  run,  50-yard  dash,  long  jump,  softball 
throw,  600-yard  run/walk,  and  pulls  ups  (boys  only). 

Hunsicker  and  Reiff  (57)  evaluated  fitness  changes  in  a  nationally  representative 
sample  of  10  to  17  year  olds  in  1958, 1965  and  1975.  Comparisons  with  the  1958  test 
may  not  have  been  valid  for  the  reasons  cited  above.  Test  items  in  common  in  1965 
and  1975  included  the  600  yard  run,  standing  long  Jump,  shuttle  run,  50-yard  dash,  pull- 
ups  (boys)  and  flexed  arm  hang  (girls).  For  boys,  there  were  no  differences  between 
the  1965  and  1975  scores  among  40  comparisons  (8  age  groups  and  5  tests)  except  for 
a  lower  score  on  the  long  jump  for  14-year-old  boys.  The  girl’s  data  showed  significant 
gains  in  7  of  40  comparisons  including  the  600-yard  run  for  13, 14, 15  and  17  year  olds, 
the  long  jump  for  13  and  14  year  olds  and  flexed  arm  hang  for  14  year  olds. 

Corbin  and  Pangrazi  (26)  expanded  the  work  of  Hunsicker  and  Reiff  (57)  by 
performing  a  historical  review  of  fitness  tests  administered  from  1958  to  1985.  Again, 
comparisons  with  the  1958  test  may  not  have  been  valid.  Corbin  and  Pangrazi 
compared  performance  on  test  events  from  1975  to  1985.  Items  in  common  on  the  two 
test  dates  included  a  shuttle  run,  50-yard  dash,  long  jump,  600-yard  run,  pulls  ups 
(boys)  and  flexed  arm  hang  (girls).  Scores  on  the  2  test  administrations  were  similar 
with  only  9  of  64  age  and  gender  comparisons  showing  significant  differences.  There 
were  some  improvements  on  some  events  (shuttle  run  for  16  and  17  year  old  boys)  and 
some  decrements  (50-yd  dash  for  16  year  old  girls).  Unfortunately,  the  authors  did  not 
provide  data  on  all  the  test  items  so  changes  from  1975  to  1985  could  be  more  closely 
identified. 

b.  Cardiorespiratory  Endurance 

Maximal  oxygen  uptake  (VOamax)  Is  the  highest  rate  at  which  oxygen  can  be 
taken  up  and  used  by  the  body  during  physical  activity  (12).  The  faster  rate  of  oxygen 
usage,  the  faster  the  rate  of  energy  production  to  fuel  longer-term  physical  activity. 
Oxygen  used  by  the  body  is  directly  linked  to  energy  production.  One  liter  of  oxygen 
taken  up  by  the  body  is  the  energy  equivalent  of  4.85  kilocalories  produced  from  fats, 
carbohydrates,  and  protein.  Thus,  VOamax  is  a  measure  of  cardiorespiratory 
endurance  because  it  is  a  direct  measure  of  the  maximal  rate  at  which  energy  can  be 
supplied  to  fuel  longer-term  physical  activity  (76). 
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V02max  can  be  measured  either  absolutely  as  liters  of  oxygen  consumed  by  the 
body  per  minute  (L/min)  or  relative  to  body  weight  as  liters  of  oxygen  consumed  by  the 
body  per  kg  of  body  weight  per  minute  (L/kg/min).  The  relative  V02max  provides  a 
measure  of  how  much  aerobic  capacity  an  individual  has  considering  his  or  her  body 
weight.  If  two  Individuals  have  the  same  absolute  V02max,  the  lighter  individual  would 
have  a  higher  relative  V02max.  The  lighter  individual  Is  moving  a  smaller  body  mass 
and  would  be  able  to  perform  more  physical  activity  because  the  proportion  of  the 
aerobic  capacity  not  used  to  move  his  or  her  body  weight  can  be  used  for  external 
physical  activity.  When  V02max  is  mentioned  in  this  report,  the  reference  is  to  relative 
V02max. 

One  study  (32)  reviewed  research  papers  that  had  examined  changes  in  V02max 
of  boys  and  girls  ages  6  to19  years.  The  authors  only  examined  direct  measures  of 
V02max  and  no  predicted  data  was  included  in  their  analyses.  Most  studies  involved 
treadmill  testing  but  in  some  cases  bicycle  ergometer  data  was  used.  When  bicycle 
data  was  used,  a  correction  factor  was  applied  so  that  the  bicycle  V02max  values 
approximated  those  of  treadmill  values.  Studies  of  boys  were  available  from  the  1930s 
to  the  mid-1990s  while  studies  on  girls  were  available  from  the  1960s  to  the  mid-1990s. 
Figure  1  shows  the  data  for  15-19  year  old  boys  and  girls  replotted  from  the  article.  The 
values  in  the  Figure  1  are  approximate  because  they  had  to  be  estimated  from  a  graph 
in  the  original  article.  For  boys,  V02max  changed  little  over  the  60  year  period.  For  the 
girls,  the  authors  of  the  paper  fitted  the  values  to  a  second  order  polynomial  equation 
(shown  on  Figure  1)  and  suggested  that  V02max  of  the  girls  rose  from  the  1960s  into 
the  1980s  then  declined  after  that.  However,  if  the  data  Is  fitted  to  a  third  order 
polynomial  equation  (shown  in  Figure  1)  a  different  conclusion  can  be  reached.  In  this 
case,  V02max  values  rose  from  the  1960s  Into  the  1970s  and  1980s,  declined  again  in 
the  late  1980s  and  early  1990s,  but  the  latest  data  shows  a  rise  In  V02max.  The  ^  for 
the  second  order  polynomial  was  0.28  while  that  for  the  third  order  equation  was  0.63. 

Tomkinson  et  al.  (130)  examined  secular  trends  in  the  performance  of  the  20- 
meter  shuttle  run  of  children  and  youth.  The  20-meter  shuttle  run  involves  running  back 
and  forth  a  distance  of  20  meter  at  a  speed  established  by  a  metronome.  The  initial 
running  speed  is  either  8  km/h  (5  mile/hr)  or  8.5  km/hr  and  speed  is  Increased  by  0.5 
km/hr  (0.3  miles/hr)  each  minute.  In  reviewing  a  total  of  55  studies  from  1 1  countries, 
Tomkinson  et  al.  estimated  that  20-meter  running  speed  of  boys  and  girls  had  declined 
0.43%  per  year  over  a  20  year  period  (1981-2000).  In  adolescents  (17  and  18  year 
olds),  the  rate  of  decline  was  0.75%  to  1.0%  per  year  In  the  same  time  period. 
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Updyke  (132)  reported  on  “endurance  run”  times  of  10  to  17  year  old  boys  and 
girls  from  1980-1989.  Over  12,000  students  were  sampled  each  year  across  the  U.S. 
The  distance  of  the  “endurance  run”  is  not  clear  from  the  original  article  but  another 
article  indicated  that  the  run  was  1  mile  in  length  (81).  Figure  2  shows  that  for  14  to  17 
year  olds,  run  times  were  increasing  over  the  years.  Overall  changes  from  1980  to 
1989  are  shown  in  Table  5. 


Table  5.  One-Mile  Run  Times  of  14  to  17  Year  Old  Boys  and  Girls  In  a  National  Sample  (estimated  from  Reference  Number 


Year 

Boys 

Girls 

1980  (min) 

7.5 

9.7 

8.6 

10.7 

1.1 

1.0 

Change  (%) 

14.7 

10.3 

132) 
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Figure  2.  Endurance  Run  Timeslot 
14-17  Year-Old  Youth  in  A  National  San 


Bovs  Girls 


c.  Muscular  Endurance 

Corbin  and  Pangrazi  (26)  compiled  data  on  pull-ups  and  flexed  arm  hang  from 
several  national  tests  administered  from  1958  to  1985.  Table  6  shows  the  proportion  of 
16-  to  17-year  old  boys  able  to  complete  at  least  5  pull-ups  and  16-  to  17-year  old  girls 
able  to  hold  a  flexed  arm  hang  for  at  least  12  seconds.  Because  early  data  (1958-1975) 
was  only  in  5%  increments  this  is  all  that  could  be  presented  In  the  table;  more  precise 
data  was  available  for  1985.  It  can  be  seen  that  for  other  than  1958  (where  results  are 
questionable  as  noted  above)  the  general  trend  from  1965  to  1985  is  a  greater 
proportion  of  boys  and  girls  meeting  the  criteria. 


Table  6.  Puil-up  and  Flexed  Arm  Hang  of  16  to  IT  Year  Olds 


Age(yre). 

1958 

1965 

1975 

1985 

Men~Pull  Ups 
(%  performing  5) 

16 

55 

65 

70 

72 

17 

60 

70 

70 

76 

Women-Flexed  Mm 

Hang  (%  holding  12  sec) 

16 

a 

30 

30 

38 

IT 

a 

30 

35 

37 

®No  test  given  ttiis  year 


Another  study  (132)  examined  three  measures  of  muscular  endurance  among  10 
to  17  year  olds  boys  and  girls  from  1980  to  1989.  The  measures  included  SU,  pull-ups 
(boys)  and  flexed  arm  hang  (girls).  The  methods  used  to  conduct  the  test  were  not 
specified  in  the  article  but  fiie  study  involved  over  12,000  students  each  year  sampled 
across  the  nation.  Figure  3  shows  the  SU  performance  in  the  years  of  the  tests.  The 
general  trend  is  an  increase  in  performance  over  time  with  9%  higher  performance  in 
1989  compared  to  1980  for  both  boys  and  girls.  Figure  4  shows  changes  in  pull-up 
performance  overtime.  There  appears  to  be  little  change  overtime.  Finally,  Figure  5 
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shows  the  performance  of  the  girls  on  the  flexed-arm  hang.  In  1986  performance  rose 
substantially  and  then  reached  a  plateau  that  was  maintained  into  1989. 
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d.  Weight,  Body  Mass  Index,  and  Body  Composition 

In  contrast  to  the  limited  number  of  studies  on  secular  changes  in  cardiorespiratory 
endurance  and  muscular  endurance,  there  is  a  plethora  of  well-designed  Investigations 
examining  changes  in  various  aspects  of  body  composition.  National  surveys  have 
been  conducted  that  provide  trends  in  body  weight,  body  mass  index  (BMI)  and,  to  a 
limited  extent,  estimates  of  body  fat.  These  surveys  were  conducted  by  the  National 
Center  for  Health  Statistics  and  examined  samples  representative  of  the  U.S.  civilian 
non-institutionalized  population.  Individuals  were  selected  for  examination  using  a 
complex,  stratified,  multistage  probability  cluster  sampling  design.  Table  7  shows  these 
surveys,  approximate  sample  sizes,  age  groups  examined,  and  the  dates  in  which  the 
surveys  were  conducted.  The  National  Health  Examination  Survey  (NHES)  was 
designed  to  gather  data  on  specific  diseases  using  standard  diagnostic  criteria.  Both 
interviews  and  physical  examination  were  conducted  to  obtain  physical  and 
physiological  measures  including  directly  measured  height  and  weight  (133).  The 
National  Health  and  Nutrition  Examination  Survey  (NHANES)  cxjllected  health  and 
nutrition  data  by  interview  and  physical  examination  and  also  contains  directly 
measured  height  and  weight.  Prior  to  1999,  NHANES  was  performed  periodically  but 
beginning  in  1999,  data  were  collected  yearly  (36,103;  www.cdc.gov/nchs/nhanes.htm). 
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Table  7.  National  Health  Surveys  (from  References  Numbers  50,103  and  CPC  website^) 


Survey 

Year 

18-79 

1959-1962 

7400 

6-11 

1963-1965 

7500 

12-19 

1966-1970 

32,000 

1-74 

1971-1974 

1  NHANES  ir 

28,000 

0.5-74 

1976-1980 

>0.2 

1988-1994 

1  NHANES  1999-2000*^ 

10,000 

a 

1999-2000 

®www.  cdc.gov/nchs/nhanes.htm 
‘’NHES=Natlonal  Health  Examination  Survey 
*^NHANES=National  Health  and  Nutrition  Examination  Survey 
‘*No  age  limit  was  established 

(1)  Body  Weight  and  Body  Mass  Index 

There  appears  to  be  strong  evidence  of  increasing  body  weight  and  BMl  in 
youth  and  young  adults  in  the  published  peer-reviewed  medical  literature  using  data 
from  NHES  and  NHANES  (23,36,37,38,45,50,103,118).  Since  the  published  NCHS 
studies  used  the  same  national  surveys  it  would  seem  possible  to  make  direct 
comparisons  among  studies  (36,37,38,103).  However,  these  same  investigations  used 
different  (though  similar)  definitions  of  overweight  and  obesity.  Further,  they  used 
different  age  grouping  presenting  problems  for  the  present  purpose  which  is  to  identify 
fitness  trends  of  individuals  in  the  Army’s  prime  market.  Table  8  shows  the  age 
groupings  and  the  definitions  used  for  overweight,  obesity,  and  other  concepts  in  the 
NCHS  studies. 


Table  8.  Definitions  of  Overweight  and  Obese  Used  in  NCHS°  Studies 


Study 

(Reference 

Number) 

Age  Groupings 
(numbers  are  years 
of  age) 

Group 

Definition  for  Group‘d 

36 

20-29.  30-39.  40- 
49,  50-59,  60-69, 
70-79.  S80 

Overweight  or  Pre  Obese 

Obese 

BMlaSO.O  kg/m" 

Class  1  Obesity 

BMl  30.0-34.9  kg/m" 

Class  2  Obesity 

Class  3  Obesity 

38 

Every  year  6  to  17, 
then  20-29,  30-39, 
40-49,  50-59,  60- 
69,  70-74 

Obese  (Adults^20  years) 

BMI^O.O  kg/m^ 

Overweight  (Children  and 
Adolescence) 

BMIS95^‘’  percentile  for  age  and  gender 

37 

Varies:  20-74,  S20, 

10  and  20  year 
groupings 

Overweight 

Obese 

Extremely  Obese 

BMla40.0  kg/m" 

103 

0.5-2,  2-5,  6-11, 
12-19 

Overweight 

BMfs95^  percentile  for  age 

At  Risk  of  Overweight 

BMl  85"’  to  95"’  percentile  for  age 

®NCHS=National  Center  for  Health  Statistics 
^BMI=Body  Mass  Index 


Despite  the  problems  mentioned  above,  it  is  possible  to  see  broad  secular 
trends.  Table  9  shows  that  there  were  only  minor  changes  in  the  prevalence  of 
ovenweight  from  1966  to  1980  for  individuals  12  to  19  years  of  age.  However,  after 
1980  the  prevalence  of  overweight  increased  (23,103).  As  Tables  10  and  1 1  show,  the 
obesity  trends  for  adult  men  are  similar  to  those  of  the  12  to  1 9  year  olds;  however, 
there  is  no  increase  in  the  proportion  of  overweight  adult  men.  Adult  female  obesity  and 
overweight  shows  a  steady  increase  in  prevalence  from  1 960  to  2000  but  the 
prevalence  of  obesity  increased  more  after  1980  than  in  previous  years  (36,37).  The 
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general  picture  from  these  studies  is  an  Increase  in  overweight  and  obesity  that  in  most 
cases  began  after  1980. 


Table  9.  Secular  Trends  in  the  Prevalence  {%)  of  Overweight  (BMI295"’  percentile  for  age)  In  12-  to  19- Year  Olds  (From  Reference 

103) _ _ _ J _ _ _ 


BHPMf 

■HUH 

Boys 

4.5 

6.1 

4.8 

11.3 

15.5 

Girls 

4.7 

6,2 

5.3 

9.7 

15.5 

Table  10.  Secnilar  Trends  in  Prevalence  (%)  of  Overweight  (BMI  25.0-29.9)  and  Obesity  (BMIS30.0)  in  20  to  29  Year  Olds  (From 
Reference  36) _ _ _ _ _ _ _ 


BMI  Category 

Gender 

isisii 

30.8 

30.6 

28.8 

30.6 

iVMtiHil 

10.9 

15.0 

16,0 

18,5 

Class  1  Obesity  (BMI  30.0-34.9) 

Men 

6.6 

5.9 

6.0 

8.4 

Women 

4.4 

4.9 

6.0 

^  8.6 

Class  2  Obesity  (BMI  35.0-39.9) 

Men 

2.4 

1.7 

1.8 

2.9 

Women 

1.0 

2.2 

1.9 

4.3 

Class  3  Obesity  (BMI  MO.O) 

Men 

0.0 

0.5 

0.3 

1.2 

Women 

0.7 

1.1 

1.1 

1.8 

Table  1 1 .  Pfevalence  (%)  of  Obesity  (BMfe30.0)  In  20  to  39  Year  Old  Men  and  Women  (37) 


NHESI 

(1960-1962) 

NHANES I 
(1971-1974) 

NHANES  II 
(1976-1980) 

NHANES  III 
(1988-1994) 

NHANES 

1999-2000 

A  (NHANES 

II  to 

HHAMBS 

1999-2000) 

A%(NHANES 

II  to 

NHANES 

1999-2000) 

9.8 

10.2 

9.8 

14.9 

23.7 

13.9 

141.8 

Women 

9.3 

11.2 

12.3 

20.6 

28.4 

16.1 

173.1 

Flegal  and  Troiano  (38)  examined  changes  In  mean  BMI  and  the  distribution  of 
BMI  for  children  and  adults  from  NHES  ll/lll  to  NHANES  III.  Mean  BMI  values  are 
shown  in  Table  12  for  ages  17  and  20  to  29  years  (relevant  to  this  discussion).  It  is 
apparent  that  mean  BMI  is  increasing  In  both  age  groups  and  both  genders  during  this 
29-year  period.  Prevalence  of  overweight  (BMIS95*  percentile  age  and  gender 
adjusted)  increased  2.9-fold  for  15  to  17  year-old  boys  and  1.7-fold  for  the  same  aged 
girls.  An  interesting  aspect  of  this  study  involved  plotting  of  curves  that  showed 
differences  between  the  surveys.  By  doing  this,  it  was  demonstrated  that  among  17- 
year  olds  and  20  to  29  year  olds,  shifts  towards  higher  BMI  occumed  at  most  BMI  levels. 
However,  by  far  the  largest  increases  in  BMI  were  at  BMI  levels  indicative  of  overweight 
or  obesity.  This  indicated  that  the  most  overweight  or  obese  became  more  overweight 
or  obese. 


Table  12.  Average  BMI  in  Youth  and  Adults  (From  Reference  Number  38) 


Age 

(years) 

Men 

Women 

NHESIII 

BMI  (kg/m^) 
(1966-1970) 

m 

NHESIII 

BMI  (kg/m^) 
(1960-1962) 

NHANESIII 

BMI  Ocg/m^) 
(1988-1994) 

m 

17 

22.1 

23.4 

1.4 

6.3 

21.7 

23.3 

1,6 

7.4 

24,3 

25.2 

3.7 

23.1 

24.3 

1.1 

4.8 

Another  source  of  height  and  weight  data  is  the  Behavioral  Risk  Factor 
Surveillance  System  (BRFSS).  The  BRFSS  Involves  a  national  telephone  interview  that 
collects  self-reported  state-specific  behavioral  risk  factor  Information  from  adults  (ages 
18  plus)  to  assist  state  health  agencies.  The  survey  began  in  1984.  By  1990  there 
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were  45  states  participating  and  by  1994  all  states  plus  the  District  of  Columbia 
participated.  Questions  on  self-reported  height  and  weight  are  included  In  the  survey 
and  the  exact  questions  asked  are  in  Appendix  B.  It  should  be  noted  that  when 
individuals  self-report  height  and  weight  they  tend  to  overestimate  height  and 
underestimate  weight;  the  underestimate  in  weight  increases  in  proportion  to  the  degree 
of  overweight  (98,106,122).  These  errors  are  generally  not  large  but  they  would  result 
in  lower  BMI  values  and  this  error  would  increase  with  increasing  overweight.  Despite 
these  problems,  the  data  are  consistent  with  the  published  NCHS  findings  in  that  BMI 
appears  to  be  increasing  over  time.  Figure  6  shows  data  from  the  BRFSS  obtained 
from  the  CDC  website  (https://aPDs.nccd.aov/brfss/trends1.  The  proportion  of  18  to  34 
year  olds  classified  as  ovenveight  (BMI  25.0-29.9  kg/m^)  or  obese  (BMI>30.0  kg/m^) 
increased  in  the  12  year  period  from  1990  to  2002.  Also  note  that  the  proportion  of 
those  who  are  obese  is  increasing  at  a  faster  rate  than  those  who  are  overweight. 
Consistent  with  the  data  of  Fiegal  and  Troiano  (38),  the  obese  are  getting  more  obese. 


We  obtained  the  raw  data  from  the  BRFSS  and  analyzed  trends  in  BMI  for 
individuals  aged  18  to  21  years  (those  that  approximate  the  Army  prime  market).  Figure 
7  shows  that  the  average  BMI  for  this  age  group  was  increasing  over  time.  The 
average  BMI  of  women  Increased  at  a  faster  rate  than  that  of  men.  Figures  8  and  9 
show  the  trends  in  the  proportion  of  men  and  women,  respectively  that  are  overweight 
or  obese.  In  consonance  with  the  CDC  data  on  18  to  34  year  olds,  the  proportion  of 
overweight  and  obese  young  adults  were  progressively  rising  for  both  men  and  women. 

Beside  the  BRFSS  and  NCHS  studies  another  study  (132)  of  American  youth 
examined  body  weight  and  height  of  10  to  17  year  olds  from  1980  to  1989.  The  period 
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1980  to  1989  is  critical  because  it  appears  to  be  the  years  when  the  prevalence  of 
ovenweight  and  obesity  began  to  accelerate.  Over  12,000  students  were  sampled  each 
year  across  the  U.S.  Results  showed  little  difference  in  weight  between  1981  and  1983 
for  14  to  17  year  old  boys  and  girls,  but  weight  steadily  Increased  after  this.  Over  the  10 
year  period  boys  gained  5  pounds  {a  3%  increase)  while  girls  gained  7  pounds  (a  6% 
Increase).  Figure  10  shows  changes  in  BMI  from  a  secondary  analysis  of  data  provided 
In  the  article  (132).  Except  for  a  sharp  (presumably  anomalous)  rise  in  BMI  in  1981,  the 
general  trend  Is  a  progressive  increase  In  the  BMI  value  for  both  boys  and  girls.  The 
BMI  difference  from  1980  to  1989  was  7%  for  boys  and  6%  for  girls. 

Kuntzleman  and  Reiff  (81)  compiled  changes  in  body  weight  of  6-  to  17-year 
old  American  youth  from  reports  of  the  U.S.  Department  of  Agriculture  and  U.S. 
Department  of  Health,  Education  and  Welfare  (Public  Health  Service).  Table  13  shows 
changes  over  time  for  16  and  17  year  olds.  These  data  show  that  from  about  1937  to 
1987  (50  years)  mean  body  weight  of  17  year  old  boys  and  girls  increased  11%. 
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Table  13.  Secular  Changes  in  Mean  Body  Weight  of  16-  and  17-Year  Old  Boys  and  Girts  fmm  Public  HeaWi  Service  Date  (from 
Reference  Number  IKuntzfeman,  1 992  #1321)  _ _ _ _ _ 


Gender 

Age  (yrs) 

1983-1970  (kg) 

Boys 

16 

60 

65 

17 

63 

68 

GIris 

16 

53 

58 

57 

17 

53 

57 

59 

(2)  Body  Fat 

One  study  (45)  has  examined  temporal  trends  in  triceps  skinfold  thickness 
which  provides  an  estimate  of  body  fat  (64,142).  This  study  used  data  from  NHES  III, 
NHANES  I  and  NHANES  II.  Obesity  was  defined  as  triceps  skinfold  >85*^  percentile  in 
NHES  II  or  III;  superobesity  was  defined  as  a  triceps  skinfold  S95‘*’  percentile  in  NHES  II 
or  lll^.  Table  14  shows  that  among  12  to  17  year  olds,  the  prevalence  of  obesity  by 
these  definitions  has  been  increasing  steadily  since  the  1963  to  1970  period.  It  should 
be  pointed  out  that  skinfolds  can  be  highly  variable  and  depend  on  the  skill  of 
individuals  taking  the  measures  (119). 


Table  14.  PrBvalenc^  {%)  of  Obesity^  and  Superobeslty^  in  12-  to  17-Year  Old  Boys  and  Girts  (From  Reference  Number  45) 


Gender 

NHESII!  (1963-1970) 

NHANES  II  (1976-1980) 

Boys 

15.6 

16.3 

18.3 

Girls 

16.1 

23.9 

25.5 

Super 

Obesity 

5.2 

7.1 

7.3 

5.8 

9.7 

10.8 

-= - : - * - - i - BT - — - 1 - _ 

Obesity  defined  as  skfnfofd  S85  percentile  of  age  and  gender  in  NHES  II  or  III 
‘^Superobesity  defined  as  skinfold  percentile  of  age  and  gender  In  NHES  II  or  lit 


^  There  were  actually  2  surveys  on  which  the  percentile  rankings  were  based.  Only  1  is  discussed  here. 
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e.  Composite  Fitness  Study 

One  study  (4)  performed  a  cross-sectional  analysis  of  physical  fitness  in  college 
freshmen  in  1987  (n=236)  and  1997  (n=257)  at  a  large  Southeastern  city  (presumably 
Atlanta  GA).  Participants  (average  ages  18  to19  years)  were  enrolled  in  an  introductory 
health  education  course.  The  fitness  test  score  was  a  composite  of  health-related 
fitness  components  plus  resting  heart  rate  and  blood  pressure.  Each  test  event 
contributed  a  varying  percentage  to  the  total  score  as  follows:  skinfold  body  fat  estimate 
(25%),  grip  strength  (5%),  SU  in  1  minute  (10%),  sit-and-reach  flexibility  test  (10%), 
resting  heart  rate  (5%),  blood  pressure  (10%),  and  a  1.5  mile  walk-run  test  (35%). 
Unfortunately,  scores  on  individual  test  items  were  not  reported.  Scores  for  each 
component  were  based  on  age-  and  gender-adjusted  norms.  Body  weight  of  the  men 
and  women  increased  about  3%  from  1 987  to  1 997.  The  composite  fitness  scores  of 
the  men  did  not  differ  between  1 987  and  1 997  but  the  composite  fitness  score  of  the 
women  was  over  20%  higher  in  1997. 

f.  Physical  Activity 

Physical  activity  can  be  defined  as  “any  bodily  movement  produced  by  muscular 
contraction  that  results  in  energy  expenditure”  (16,22).  Physical  activity  of  sufficient 
intensity,  duration,  frequency  and  type  can  increase  specific  components  of  physical 
fitness  (35,140).  In  examining  secular  trends  in  fitness,  physical  activity  trends  can  be  a 
useful  adjunct  and  may  assist  in  interpretation  of  changes. 

The  BRFSS  and  Youth  Risk  Behavior  Survey  (YRBS)  provide  data  that  can  assist 
in  determining  trends  in  youth  and  young  adult  physical  activity.  Figure  1 1  shows  data 
from  the  BRFSS  obtained  from  the  CDC  website  (httpsi/Zapps . need .aov/brfss/trends^ 
showing  the  proportion  of  18  to  34  year  olds  who  reported  no  physical  activity  in  the  last 
month.  The  questions  asked  each  year  on  the  survey  are  shown  in  Appendix  B.  Figure 
1 1  shows  that  the  proportion  of  Individuals  reporting  no  activity  is  decreasing. 
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We  obtained  the  raw  data  from  the  BRFSS  and  anal)^ed  It  for  the  proportion  of  18 
to  21  year  old  men  and  women  (the  Army  prime  market)  who  reported  that  they  had 
participated  in  no  physical  activity  in  the  last  month.  Figure  12  shows  the  results.  In 
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consonance  with  the  composite  data  on  18  to  34  year  olds  (Figure  11),  the  number  of 
men  and  women  reporting  no  physical  activity  in  the  last  month  Is  decreasing  over  time. 

The  other  national  study  that  can  assist  in  determining  trends  in  youth  physical 
activity  is  the  YRBS.  This  is  a  self-administered  questionnaire  taken  by  high  school 
students  (grades  9  to  12)  every  2  years  in  the  spring.  The  questionnaire  asks  about  six 
types  of  health  risk  behaviors  including  unintentional  injuries  and  violence,  tobacco  use, 
alcohol  and  drug  use,  sexual  behaviors,  diet,  and  physical  activity.  During  the  6  times 
the  questionnaire  has  been  administered  for  which  there  is  currently  public  data,  there 
were  a  total  of  1 2  questions  related  to  physical  activity,  although  not  all  questions  were 
asked  each  year.  The  activity  questions  are  at  Appendix  C. 

Pratt  et  ai.  (1 13)  analyzed  some  activity  data  from  YRBS.  They  reported  that  in 
1992,  54%  of  high  school  students  said  they  were  vigorously  active  while  in  1997,  64% 
said  they  were  vigorously  active.  Using  data  from  the  1991  to  1997  YRBS  the  authors 
showed  that  the  proportion  of  students  attending  daily  physical  education  classes 
declined  from  1991  to  1995,  then  leveled  off  in  1997. 

Since  the  publication  of  the  Pratt  et  al.  article  (1 13)  more  extensive  data  has  been 
collected  from  the  YRBS.  Questionnaire  responses  are  now  available  from  1991  to 
2001 .  We  obtained  raw  data  from  the  YRBS  and  analyzed  it  to  get  a  better  picture  of 
changes  in  youth  physical  activity.  Tables  15  and  16  shows  the  meaniSD  values  for  all 
available  physical  activity  questions  on  the  survey  for  male  and  female  high  school 
students,  respectively.  It  should  be  noted  that  some  of  the  questions  or  response 
categories  changed  slightly  from  one  year  to  the  next.  For  example,  on  the  intense 
activity  question  the  1991  survey  did  not  include  a  time  interval  but  in  the  1993  and  later 
surveys  the  question  asked  if  the  intense  activity  had  been  for  20  minutes  or  more  (see 
Appendix  C).  On  the  moderate  intensity  question,  the  1999  survey  did  not  include 
examples  of  moderate  activity  but  the  2001  survey  did  include  examples  (see  Appendix 
C).  On  the  question  relating  to  the  amount  of  time  students  were  active  in  physical 
education  classes,  the  response  categories  were  expanded  in  2001. 

Despite  differences  in  the  wording  of  some  questions,  there  are  four  questions 
(Questions  1, 4,  6  and  7  in  Tables  15  and  16)  that  allow  an  analysis  of  trends  in  physical 
activity  from  1991  to  2001 .  A  one-way  analysis  of  variance  with  a  subsequent  Tukey 
Test  was  used  to  determine  differences  among  years  for  the  4  questions  included  on 
the  survey  every  year.  There  was  a  decline  in  the  number  of  days  of  intense  activity 
(Question  1)  from  1991  to  1997  for  both  boys  and  girls  but  days  of  intense  activity 
returned  to  near  1991  level  in  1999  and  2001.  The  frequency  of  strengthening 
exercises  (Question  4)  was  higher  in  1999  and  2001  compared  to  prior  years  for  both 
boys  and  girls.  The  number  of  days  in  physical  education  classes  (Question  6)  declined 
in  1995  and  1997  for  boys  and  girls  but  returned  to  near  1991  levels  in  1999  and  2001. 
Time  spent  exercising  in  physical  education  class  (Question  7)  appears  to  have 
increased  in  2001  compared  to  other  years  but  this  could  be  due  to  restructuring  of  the 
response  categories  in  2001  (see  footnotes  in  Tables  15  and  16  and  changes  to 
question  in  Appendix  C). 
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Table  15.  Secular  Changes  In  tfie  AcBvity  of  Mate  High^Sdiool  Students  From  ttie  Youtfi  Risk  Behavior  Survey  (Mean±SD) 


Question 

1991 

1993 

1997 

1999 

2001 

1 .  How  many  of  past  7  days  do  intense  exercise  (days)® 

4.1i2.5 

3.9±2.5 

4.2±2.5 

4.3±2.5 

2.  How  many  of  past  7  days  do  stretching  (days)® 

'IlkMtflklM 

- s - 

- R - 

3.  How  many  of  past  7  days  do  moderate  intensity 
exercise  (days)® 

n 

B 

R - 

2.6d^.6 

2.7±2.6 

4.  How  many  of  past  7  days  do  strengthening  exercise 

(days)’ 

3,1i^.5 

3.2±2.5 

3.2±2.5 

3.2i5.5 

3A^,S 

3,4±2,5 

h 

2.2±2.6 

- - 

- n - 

6.  Days  per  week  go  to  ph^ical  education  classes 
(days)" 

2.5±2.4 

2.3±2.3 

2.1±2^ 

2.0±2.3 

2A^.Z 

2.4±2.3 

7.  Time  exercise  in  physical  education  dass*® 

1.8±1,8 

1.9±1,8 

1,8±1.7 

1.7±1.8 

1.9±1.8 

8,  In  past  12  months,  how  many  sports  teams  partidpate 
at  sdiool  (n)® 

0,9±1.0 

0.9±1.0 

0.9±1.0 

0.9±1.0 

rt 

HH 

0.7±1.0 

0.7±1.0 

mmii 

ft 

ft 

n 

ft 

ft 

1.2±1.1 

i.i±i.i 

ti 

ft 

ft 

h 

0.8±1.3 

■B 

. . .  II . in . . 

ft 

h 

ft 

ft 

4.6±1.8 

^Response  categories:  0=0  da^,  1=1  day,  2=2  days.  3=3  days,  4=4  days,  5=5  days,  6=6  days,  7=7  days 
^Response  categories:  0=0  days,  1=1  day.  2=2  days,  3=3  days,  4=4  da^.  5=5  days 
“^Response  categories:  0=do  not  take  PE,  1=<10  min,  2=10-20  min,  3=21-30  min,  4=>30  min 
^Response  categories:  0=no  teams,  1=1  team,  2=2  teams,  3=3  or  more  teams 
*Response  categories:  0=0  times,  1=1  time,  2=2  times,  3=3  times,  4=4  times,  5=5  times 

'Response  categories:  1=No  TV  on  average  school  night,  2=<1  hr/day,  3=1  hr/day,  4=2  hr/day,  5=3  hr/day,  6=4  hr/day,  7=  5  or  more 
hr/day 

®fn  2001.  lesponse  categories  restructured  to  0=do  not  take  PE,  1=<10  min,  2=10-20  min,  3=21-30  min,  4=31-40  min,  5=41-50  min, 
6=51-60  rtite.  7=more  than  60  min 
**Question  not  asked  in  that  year 


Table  16,  Secular  Changes  in  Activity  of  Female  High-School  Studente  From  the  Youth  Risk  Behavior  Survey  (Mean±SD) 


Question 

1991 

1993 

1995 

1997 

1999 

2001 

1.  How  many  of  past  7  days  do  intense  exercise  (days)® 

EBSSi 

2.6±2.4 

3.0±2.5 

3.1  ±2.4 

2S±23 

2.7i2.5 

2.7±2*5 

mkmmm 

h  "  ' 

h 

ft 

ft 

h 

HH 

2*3±2.4 

2.4±2.4 

4.  How  many  of  past  7  days  do  strengthening  exercise 
(days)* 

2.0±2*3 

2.1±2.4 

2.1±2.4 

2A^,Z 

2.3d5,3 

2.4±2.4 

5,  Walk/bike  30  minutes  in  last  7  days  (days)® 

ft 

mi^m 

h 

h 

6.  Days  per  week  go  to  physical  education  classes  (da^)® 

masMm 

1*8±2.3 

Wgfciil 

1*7±2.2 

1.9±2.2 

2.0±2.3 

7.  Time  exercise  in  physical  education  class®* 

1.4±1,7 

agBlsB 

■lEBCT 

1,4±1*7 

8.  In  past  12  months,  how  many  sports  teams  partidpate 
at  sdiool  (n)® 

0.5±0.9 

0*6±0.9 

0.6±0.9 

0*6±0.9 

h 

- R - 

9.  In  past  12  months,  on  how  many  sports  teams 
partidpate  outside  of  school  (n)** 

0.3±D.7 

0.3±0.7 

0*3±0,7 

b 

It 

10*  In  past  12  months,  how  many  sports  team  partidpate 
at  school  or  community  (n)*' 

R 

h 

h 

ft 

0.8±T0 

0.8±1,0 

1 1 .  In  past  1 2  monttis  how  many  times  injured  while 
playing  sports  (nf 

ft 

h 

h 

ft 

0.5±1.0 

1.3±0.9 

ft 

ft 

ft 

:  4.4±1.9 

4,1±1.8 

^Response  categories:  0=0  da^,  1=1  day,  2=2  days,  3=3  days,  4=4  days,  5=5  days,  6=6  days,  7=7  days 
^Response  categories:  0=0  days,  1=1  day,  2=2  days,  3=3  days,  4=4  days,  5=5  days 
^'Response  categories:  0=do  not  take  PE,  1=<10  min,  2=10-20  min,  3=21-30  min,  4=>30  min 
‘^Response  categories:  0=no  teams,  1=1  team,  2=2  teams,  3=3  or  more  teams 
®Response  categories:  0=0  times,  1=1  time,  2=2  times,  3=3  times,  4=4  times,  5=5  times 

'Response  categories:  1=No  TV  on  average  school  night,  2=<1  hr/day,  3=1  hr/day,  4=2  hr/day,  5=3  hr/day,  6=4  hr/day,  7=  5  or  more 
hr/day 

®ln  2001,  response  categories  dianged  to  0=do  not  take  PE,  1=<10  min,  2=10-20  min,  3=21-30  min,  4=31-40  min,  5=41-50  min, 
6=51^0  min,  7=more  than  60  min 
*^Question  not  asked  in  that  year 
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Twelfth  graders  are  those  closest  to  military  age.  We  wanted  to  see  if  these  youth 
differed  from  the  general  population  of  high  school  students.  Tables  17  and  18  show 
the  mean+SD  values  for  all  available  physical  activity  questions  on  the  survey  for  12th 
grade  boys  and  girls,  respectively.  A  one-way  analysis  of  variance  with  a  subsequent 
Tukey  Test  was  used  to  determine  differences  among  years  for  the  4  questions  that 
were  on  the  survey  every  year.  The  trends  were  almost  identical  to  the  trends  in  the 
larger  group  of  high  school  students  (Tables  15  and  16).  Tables  17  and  18  show  that 
there  was  a  decline  in  the  number  of  days  of  intense  activity  (Question  1)  from  1991  to 
1997  for  both  boys  and  girls  but  days  of  intense  activity  returned  to  the  1991  level  in 
1999  and  2001 .  The  frequency  of  strengthening  exercises  (Question  4)  was  higher  in 
1999  and  2001  compared  to  prior  years  for  both  boys  and  girls.  For  boys,  the  number 
of  days  in  physical  education  classes  (Question  6)  declined  in  1995  and  1997  for  but 
returned  to  near  1991  levels  in  1999  and  2001 ;  for  girls,  the  decline  in  1993  was 
sustained  through  2001 .  Time  spent  exercising  in  physical  education  class  (Question  7) 
appears  to  have  increased  in  2001  compared  to  other  years  but  this  could  be  due  to 
restructuring  of  the  response  categories  in  2001  (see  footnotes  in  Tables  17  and  18  and 
changes  to  Question  7  in  Appendix  C). 

Table  17.  Secular  Changes  in  Youth  Activity  (12*^  Grade  Boys)  From  the  Youth  Risk  Behavior  Survey  (MeantSD) 


“Response  categories:  0=0  days,  1=1  day,  2=2  days,  3=3  days,  4=4  days,  5=5  days,  6=6  days,  7=7  days 
‘‘Response  categories:  0=0  days,  1=1  day,  2=2  days,  3=3  days,  4=4  days,  5=5  days 
^Response  categories:  0=do  not  take  PE,  1=<10  min,  2=10-20  min,  3=21-30  min,  4=>30  min 
“Response  categories:  0=no  teams,  1=1  team,  2=2  teams,  3=3  or  more  teams 
^Response  categories:  0=0  times,  1=1  time,  2=2  times,  3=3  times,  4=4  times,  5=5  times 

‘Response  categories;  1=No  TV  on  average  school  night,  2=<1  hr/day,  3=1  hr/day,  4=2  hr/day,  5=3  hr/day,  6=4  hr/day,  7=  5  or  more 
hr/day 

®ln  2001,  response  categories  restructured  to  0=do  not  take  PE,  1=<10  min,  2=10-20  min,  3=21-30  min,  4=31-40  min,  5=41-50  min, 
6=51-60  min,  7=more  than  60  min 
‘‘Question  not  asked  in  that  year 
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Table  1S.  Secular  Changes  in  Youth  Activity  (12**  Grade  Girts)  From  the  Youth  Risk  Behavior  Survey  (Mean±SD) 


Question 

1991 

1993 

1995 

1997 

1999 

i  2001 

1.  How  many  of  past  7  days  do  intense  exerdse  (daysf 

2.5±2.3 

2,3±23 

2.1±2.3 

2.2d^.4 

2.  How  many  of  past  7  days  do  stretching  (days)* 

2.3±2.4 

2.3i2.4 

2.2i2.3 

2,2±2.3 

HH 

HH 

3.  How  many  of  past  7  days  do  moderate  Intensity 
exercise  (days)* 

n 

n 

n 

h 

2.2d^.4 

2.3d^.4 

4.  How  many  of  past  7  days  do  strengthening  exercise 

(tJays)* _ 

1.7±2.2 

1.8i5.2 

1.7i5.2 

1.8i2.3 

5.  WalWbike  30  minutes  in  last  7  days  (days)® 

h 

1,9±2.4 

2.0±2.4 

2.0d^.5 

HH 

HH 

6.  ba^  per  week  go  to  physical  education  classes  (da^)® 

1.3±2.1 

1.1±2.0 

1.1±1.9 

1.1i2.0 

7.  time  exerdse  in  physical  education  class""® 

0.9±1.5 

0,8±1.4 

HI 

0.9±1.5 

8.  In  past  12  months,  how  many  sports  teams  participate 
at  school  (n)"" 

0.4±0.8 

HH 

HH 

9.  In  past  12  months,  on  how  many  sports  teams 
participate  outside  of  sctoooi  (n)^ 

1  0.3±0.6 

0.2±0.6 

0.3i^.6 

HH 

- n - 

n 

- li - 

0.6±0,9 

Q,B±D.B 

h 

n 

it 

n 

1.2±0.9 

12.  Time  v^tching  television" 

h 

li 

n 

n 

4.1±1.8 

3.9±1.8 

""Response  categories:  0=do  not  take  PE,  1=<10  min,  2=10-20  min,  3=21-30  min.  4=>30  min 
^Response  categories:  0=no  teams,  1=1  team,  2=2  teams,  3=3  or  more  teams 
^Response  categories:  0=0  times,  1=1  time,  2=2  times,  3=3  times,  4=4  times,  5=5  times 

^Response  categories:  1=No  TV  on  average  school  night,  2=<1  hr/day,  3=1  hr/day,  4=2  hr/day,  5=3  hr/day,  6=4  hr/day,  7=  5 
hr/day 

®ln  2001,  response  categories  dianged  to  0=do  not  take  PE,  1=<10  min,  2=10-20  min,  3=21-30  min,  4=31-40  min,  5=41-50  min, 
6=51-60  min,  7=more  than  60  min 
^Question  not  asked  in  that  year 


or  more 


g.  Physical  Activity  and  Health  People  2010  Recommendations 

Healthy  People  2010  (29)  recommends  that  youth  engage  in  vigorous  activity  that 
promotes  the  development  and  maintenance  of  cardiorespiratory  endurance  at  least  3 
days/week  for  at  least  20  minutes  each  occasion.  Table  19  shows  our  analysis  of  the 
proportion  of  high  school  students  and  12‘^  graders  who  reported  engaging  in  20 
minutes  of  vigorous  exercise  on  3  of  the  7  days  prior  to  administration  of  the  YRBS. 

The  proportion  of  all  high  school  boys  performing  the  recommended  frequency  declined 
slightly  up  to  1995  then  leveled  off.  The  proportion  of  all  high  school  girls  performing 
the  recommended  frequency  declines  from  1993  to  1997  but  rises  above  1993  levels  in 
1999  and  2001.  Twelfth  grade  boys  performing  the  recommended  frequency  decreased 
up  to  1997  then  Increased  in  1999  and  2001  back  to  1993  levels.  For  12®’  grade  girls, 
the  proportion  performing  the  recommended  frequency  decreased  in  1997  then 
increased  in  the  2  following  years  to  exceed  1993  levels. 


Table  19>  Propition  (%)  of  High  School  Students  Who  Report  Performing  Recommended  Amount  of  Vigorous  Ac^vity 


1991 

1993 

1995 

1997 

1999 

2001 

All  Students 

Boys 

ND® 

72 

70 

69 

70 

69 

Girts 

ND® 

50 

47 

46 

53 

54 

ND® 

65 

62 

61 

65 

66 

hhhh 

ND® 

40 

37 

38 

46 

44 

®ND=No  data;  toe  question  In  1991  was  not  worded  property  to  answer  this  question. 
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Healthy  People  2010  (29)  recommends  that  youth  engage  in  moderate  physical 
activity  for  at  least  30  minutes  on  5  or  more  days  per  week.  Table  20  shows  our 
analysis  of  the  proportion  of  high  school  students  and  12*”  graders  who  reported 
engaging  in  20  minutes  of  moderate  activity  on  3  of  the  7  days  prior  to  administration  of 
the  YRBS.  Only  2  years  of  data  are  available  and  there  is  little  difference  between  the 
two  years. 


Table  20.  Proportion  (%)  of  High  School  Students  Who  Report  Performing  Recommended  Amount  of  Moderate  Activity 


1999 

2001 

All  Students 

Boys 

27 

27 

Girls 

22 

22 

12"’  Graders 

Boys 

28 

26 

Girls 

21 

21 

Healthy  People  2010  (29)  recommends  that  youth  participate  in  daily  physical 
education  classes.  Table  21  shows  our  analysis  of  the  proportion  of  high  school 
students  and  12**’  graders  who  reported  engaging  in  daily  physical  education  classes  on 
an  average  week  in  school.  For  all  male  high  school  students  and  12‘^  graders,  there 
was  a  decline  in  the  proportion  of  students  attending  daily  classes  from  about  1991  to 
1997  but  an  upward  trend  in  1999  and  2001.  A  similar  trend  was  seen  for  all  high 
school  girls  but  for  12th  grade  girls  there  is  a  decline  from  1991  to  1993  that  is 
sustained  through  2001 . 


Table  21.  Proportion  (%)  of  High  School  Students  Who  Report  Participating  in  Daily  Physical  Education  Classes 


1991 

1993 

1995 

1997 

1999 

2001 

All  Students 

Boys _ 

45 

39 

31 

32 

36 

37 

Girls 

38 

31 

27 

27 

29 

31 

12”  GfBders 

Boys 

28 

29 

18 

23 

26 

27 

Girls 

21 

17 

14 

18 

16 

16 

h.  Other  Studies  Regarding  Secular  Trends  in  Physicai  Activity 

Adame  et  al.  (4)  performed  a  cross-sectional  analysis  of  physical  fitness  in  college 
freshmen  in  1987  (n=236)  and  1997  (n=257)  at  a  large  Southeastern  city  (presumably 
Atlanta  GA).  Participants  were  an  average  age  of  18  to  19  years  and' were  enrolled  in 
an  introductory  health  education  course.  Individuals  were  asked  to  rate  their  activity  on 
a  9-point  scale  and  the  data  were  compiled  into  weekly  exercise  duration  shown  In 
Table  22.  There  was  little  difference  In  the  two  years  for  the  self-reported  activity  of 
men  (p=0.35).  The  women  had  a  significant  increase  in  physical  activity  (p<0.01)  from 
1987  to  1997.  Secondary  analysis  showed  that  the  men  were  more  active  than  women 
in  1987  (p<0.01)  but  there  were  no  statistically  significant  differences  in  1997  (p=0.20). 


Table  22.  Weekly  Exercise  Duration  of  College  Freshmen  in  1987  and  1997  (From  Reference  Number  4) 


Exercise  Duration 
(hrs/wk) 

Men  {%) 

Women  (%) 

1987 

1997 

1987 

1997 

<2.0 

28 

28 

52 

20 

2.0-3.9 

35 

38 

38 

48 

S5.0 

37 

34 

11 

33 

other  studies  on  secular  trends  in  adult  physical  activity  were  found,  but  the  focus 
of  this  paper  involved  youth  and  young  adults  so  these  studies  were  not  included  here. 
A  summary  of  adult  studies  Is  in  Appendix  D. 
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6.  CHANGES  IN  THE  PHYSICAL  FITNESS  OF  U.S.  ARMY  RECRUITS 

A  series  of  military  studies  performed  between  1975  and  2003  allows  an 
examination  of  both  secular  changes  In  the  fitness  of  recruits  and  an  examination  of 
improvements  in  fitness  during  BCT.  Studies  were  performed  by  the  U.S.  Army 
Research  Institute  of  Environmental  Medicine  (USARIEM)  and  the  USACHPPM. 
USARIEM  studies  cover  specific  aspects  of  fitness  including  cardiorespiratory 
endurance,  muscle  strength,  body  weight,  BMI  and  body  composition.  USARIEM  has 
also  compiled  data  on  body  weight,  estimated  body  fat,  and  fat-free  mass  of  soldiers  as 
far  back  as  the  American  Civil  War.  USACHPPM  perfonned  program  evaluations  that 
collected  data  on  height,  weight,  BMI,  and  performance  on  PU,  SU  and  the  2-mile  run. 
There  are  limitations  to  these  data  Including  small  sample  sizes  and  the  fact  that  the 
studies  used  convenience  samples  rather  than  random  samples  of  recruits.  However, 
they  are  the  best  available  data  on  recruit  fitness.  Sharp  et  al.  (124,125)  have 
performed  a  similar  analysis  of  secular  changes  in  the  fitness  of  recruits. 

Studies  examining  fitness  changes  during  BCT  involved  a  longitudinal 
experimental  design.  This  means  that  the  same  individuals  were  examined  before  and 
after  BCT.  Studies  examining  secular  changes  involved  a  cross-sectional  experimental 
design.  This  means  that  different  individuals  were  examined  in  different  years. 

When  considering  secular  changes  In  BCT  It  is  useful  to  know  critical  elements  of 
BCT  have  changed  over  time.  Men  and  women  have  had  different  types  of  training 
over  the  years.  Prior  to  1978,  men  and  women  had  separate  BCT  programs  and 
different  performance  standards.  In  1978  men  and  women  were  still  training  separately 
but  had  similar  performance  standards  (108).  By  1995,  men  and  women  were  training 
together  in  gender-integrated  platoons  with  identical  training  and  almost  the  same 
performance  standards  (20).  One  noteworthy  exception  is  the  fact  that  the  criteria  to 
pass  the  Army  Physical  Fitness  Test  (APFT)  have  always  been  lower  for  women  than 
for  men  (8,9,10,109).  BCT  was  8  weeks  long  prior  to  October  1998  and  extended  to  9 
weeks  after  this  time. 

a.  Cardiorespiratory  Endurance 

Table  23  shows  three  studies  (108,124,138)  that  have  examined  VOamax  before 
and  after  Army  basic  training  at  three  different  times.  Note  that  "Post-Basic”  in  this  and 
subsequent  tables  actually  means  the  sixth  or  seventh  week  of  BCT.  In  all  3 
investigations  in  Table  23,  VOamax  was  obtained  from  direct  measures  of  oxygen 
consumption  using  a  graded  running  treadmill  protocol.  Relative  and  absolute 
Improvements  in  men’s  VOamax  during  BCT  were  higher  in  1975  compared  to  1978  and 
1998.  Relative  and  absolute  changes  in  the  aerobic  capacity  of  women  during  were 
similar  in  1978  and  1998  and  were  greater  than  the  changes  in  men  in  ttie  same  years. 

Figure  13  graphically  displays  secular  trends  in  the  pre-basic  training  VOamax 
data.  For  men,  differences  are  less  than  1  %  for  the  pre-basic  training  values  across  all 
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three  years.  For  women,  the  pre-basic  1998  value  is  4%  higher  than  the  1975  pre-basic 
value  and  8%  higher  than  the  1 978  pre-basic  value. 


Table  23.  Aerobic  Capacity  (V02max)  of  Recruits  Before  and  After  BOV  from  1975  to  1998 


i 

Men 

Women 

Pre-Basic 

(MeaniSD 

In 

ml/kg/mln) 

Post-Basic 

(Mean±SD 

in 

ml/kg/min) 

Diff® 

(%) 

N 

Pre-Basic 

{Mean±SD 

in 

ml/kg/mln) 

Post-Basic 

(MeantSD 

in 

ml/kg/min) 

DifT 

(%) 

1975 

138 

186 

50.8±6.1 

54.9'* 

8.1 

159 

e 

e 

1978 

108 

87 

50.7±4.7 

52.3±3.8 

3.1 

36.9±3.6 

39,3±3.5 

6.5 

1998 

124 

91 

50,6±6.3 

52.5±5.6 

3.8 

W;Mi 

39.7±5.2 

42.214.8 

6.3 

®Sixth  or  seventh  week  of  BCT 
Vear  data  collected 

®Dlff^Difference  between  pre  and  post  basic  training  calculated  as  (post-pre/pre)*100% 
‘^Estimated  from  %  difference  data  in  article 
®Data  not  reported  in  article 


Seven  studies  (61,62,72,73,74,77,112)  have  reported  2-mile  run  times  of  Army 
recruits  in  BCT  from  1984  to  2003  (20  year  period).  However,  changes  in  2-mile  run 
performance  during  BCT  are  only  available  from  1997  to  2003  (7  year  period).  In  all 
cases,  the  2-mile  run  was  administered  by  drill  sergeants  as  part  of  the  APFT  and  run 
times  were  obtained  from  the  records  of  the  training  companies.  The  APFT  consisted  of 
three  events:  PU,  SU  and  the  2-mile  run,  administered  in  that  order.  After  recruits 
completed  testing  on  PU  and  SU  they  were  allowed  to  rest  (10-30  minutes)  and  were 
then  taken  to  a  measured  course  for  the  2-mile  run.  Recruits  wore  a  numbered  vest  or 
carried  a  numbered  plaque  for  identification.  Drill  sergeants  lined  up  the  recruits  at  a 
starting  point,  started  the  run,  and  recorded  the  time  it  took  for  each  recruit  to  complete 
the  distance. 
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Two-mlle  run  times  collected  In  various  studies  from  1997  to  2003  are  shown  in 
Table  24.  During  BCT,  average  absolute  improvements  for  men  ranged  from  1 .6  to  2.9 
minutes  and  for  women,  2.9  to  3.7  minutes.  The  average  absolute  (min)  and  relative 
(%)  improvements  of  the  women  were  greater  than  those  of  the  men. 

Figure  14  shows  secular  changes  In  the  pre-basic  training  performance  of  men 
and  women  on  the  2-mlle  run.  Men  ran  11%  slower  in  2003  compared  to  1987  and 
women  ran  6%  slower  in  2003  compared  to  1988. 


Table  24,  APFT  2-Mile  Run  Performance  of  Recruits  Before  and  After  BCT®  from  1987  to  2003 


Figure  14,  Secular 
Timeslof  Reci 


ntry  to  BCT 


).094«s+  13.935 


Year  Data 
Collected 


Women 


(Reference 

Number) 


Post-Basic 


jMeantSD) 


2CK)3 


0 

74 

17.0±2. 

6 

14.8±1.3  1 

1  12.9 
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b.  Muscle  Strength 

Four  measures  of  maximum  voluntary  strength  have  been  obtained  on  recruits 
over  periods  separated  by  15  to  20  years.  These  measures  include  isometric  Upper 
Torso  (UT)  strength,  isometric  Lower  Body  (LB)  strength,  isometric  Upright  Pull  (UP) 
strength,  and  isoinertial  Incremental  Dynamic  Lifting  (IDL)  strength.  Studies  on  these 
strength  measures  (79,124,129,141)  used  the  same  strength  testing  devices  and  same 
methodology  (80,1 16,129).  To  measure  isometric  UT  strength,  the  recruit  was  securely 
seated  in  a  chair  with  a  belt  around  his  or  her  waist.  With  both  hands,  the  recruit 
grasped  a  piece  of  aluminum  tubing  such  that  the  recruit’s  elbow  was  at  a  90°  angle 
with  the  upper  arm  parallel  to  the  floor.  The  recruit  pulled  downward  on  the  bar  exerting 
as  much  force  as  possible  and  the  isometric  force  was  measured  on  a  transducer  (116). 
For  LB  strength,  the  recruit  was  securely  seated  with  feet  resting  on  a  bar  and  knees  at 
a  90°  angle.  The  recruit  exerted  as  much  force  as  possible  on  the  bar  performing  a 
motion  similar  to  a  leg  press.  The  isometric  force  was  measured  on  a  transducer  (116). 
For  the  UP,  the  recruit  was  standing  and  grasped  with  both  hands  an  aluminum  bar  that 
was  located  38  cm  above  the  ground.  Recruit’s  knees  were  bent,  back  straight,  and 
head  up.  The  recruit  pulled  up  vertically  on  the  bar  exerting  as  much  force  as  possible 
and  the  isometric  force  was  measured  with  a  transducer  (80).  The  IDL  machine 
consisted  of  an  adjustable  stack  of  weights  (weight  carriage)  attached  to  2  handles 
located  20  cm  from  the  ground.  The  weight  carriage  allowed  for  the  progressive 
stacking  of  weight  to  determine  maximal  lifting  strength.  The  recruit  grasped  both 
handies  of  the  device  with  feet  shoulder  distance  apart,  knees  bent,  back  straight,  and 
head  up.  The  recruit  lifted  the  weight  carriage  to  a  height  of  152  cm.  An  initial  load  of 
18  kg  was  progressively  increased  until  the  maximal  load  the  recruit  could  lift  safely  to 
the  152  cm  height  was  determined  using  a  1  repetition  maximum  procedure  (129). 

Table  25  shows  5  studies  (27,79,124,129,141)  that  have  examined  the  4 
measures  of  muscle  strength  before  and  near  the  end  of  Army  BCT.  Changes  from  pre- 
to  post-BCT  tend  to  be  greater  in  1978  and  1983  compared  to  changes  in  1998.  In  all 
cases,  relative  strength  changes  after  BCT  are  larger  for  women  than  for  men. 

Figures  15  to  18  graphically  depict  secular  changes  In  pre-BCT  measures  of  UT, 
LB,  UP  and  IDL  strength,  respectively.  There  are  only  2  data  points  for  most  variables 
and  a  trend  line  is  plotted  but  the  fit  of  the  line  is  not  included  because  the  r^=1.0  (i.e.,  a 
perfect  fit)  when  only  2  points  are  available  (this  can  be  misleading).  Male  UT  and  LB 
strength  were  respectively  16%  and  12%  higher  in  1998  compared  to  1978.  Female  UT 
and  LB  strength  were  respectively  19%  and  4%  higher  in  1998  compared  to  1978  (20 
year  period).  Male  UP  and  IDL  strength  were  respectively  4%  and  25%  higher  in  1998 
compared  to  1983.  Female  UP  and  IDL  strength  were  respectively  3%  and  34%  higher 
in  1998  compared  to  1983  (15  year  period).  In  general,  the  secular  differences  in  the 
strength  of  muscle  groups  involving  the  upper  body  (UT  and  IDL)  appear  to  be  greater 
than  changes  in  muscle  groups  involving  the  lower  body  (LB  and  UP). 


31 


USACHPPM  Report  No.  12-HF-01Q9B-04 


Table  25.  Muscle  Strength  of  Recmite  Before  and  After  BOT  from  1978  to  1998 


Variable 

Year® 

Study 

(Reference 

Number) 

Men 

Women 

N 

Pre-Basic 

(MeaniSD 

_ in  kg) 

Post-Basic 
(MeantSD 
in  kg) 

Diff 

(%) 

N 

Pre-Basic 
(MeaniSD 
in  kg) 

Post-Basic 
(MeaniSD 
in  kg) 

Dir 

(%) 

1978 

79 

733 

97.8±18.2 

102.1±16.2 

4,4 

359 

55.3±11.8 

61.0±9.6 

10.3 

124 

98 

113,7i:1T.3 

113J±16.2 

0.0 

99 

65.6±11.4 

mmmtm 

2.6 

LB“ 

(kg) 

1978 

79 

737 

143.2±38.4 

158.2t41.1 

93.4±30.0 

(  106.6±31.1 

KEn 

124 

162.3±39.9 

1.1 

1^1 

96.7±24.7 

103.3±25.6 

6.8 

129 

128.4±18.7 

142.2±21.4 

10.7 

113 

79.1±10.9 

89.0±19.3 

mmm 

■USB 

124 

99 

133.3±23J 

"  133,2±22.0 

0.0 

99 

81.7±19.4 

llll|n[9|||H 

129 

90 

61.1±10,0 

63.0±9.9 

3.1 

113 

34.7±8.2 

■111 

1987 

27 

mmm 

71.6±12.1 

3 

9 

9 

s 

■liB 

1993 

141 

9 

Q 

9 

S 

124 

40.4±8.8 

43.8±9.4 

8,4 

1998 

124 

99 

76,5±14.8 

73.2±13.6 

-4.3 

99 

40,7±10.6 

42.1±9.6 

3.4 

*Year  data  osffec^ed 


*^Diff=Difference  between  pre-  and  post-basfc  training  calculated  as  (post-pre/pre)*100% 

\lT=Upper  Torso  Strength 

^LB=Lower  Body  Strength 

®UP=Upright  Pull  Sb^ength 

^lDL=lncremsntal  Dynamic  Lift  Strengfti 


®No  data  collected  on  these  measures 
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c.  Muscular  Endurance 

Eight  studies  (14,61,62,72,73,74,77,1 12)  have  reported  PU  and  SU  values  from 
1984  to  2003  (20  year  period).  However,  changes  in  APFT  scores  during  BCT  are  only 
available  from  1997  to  2003  (7  year  period).  In  all  cases,  the  tests  were  administered 
by  drill  sergeants  as  part  of  the  APFT  and  the  data  was  obtained  from  the  records  of  the 
training  companies.  For  PU  and  SU,  reciuits  generally  lined  up  in  5  to  1 5  rows  and 
were  tested  with  drill  sergeants  monitoring  individual  performances.  For  the  PU,  a 
trainee  was  required  to  lower  his  body  in  a  generally  straight  line  to  a  point  where  his  or 
her  upper  arms  were  parallel  to  the  ground,  and  then  return  to  the  starting  point  with 
elbows  fully  extended.  For  the  SU,  the  trainee’s  knees  were  bent  at  a  90®  angle,  fingers 
were  interlocked  behind  the  head,  and  a  second  person  held  the  participant's  ankles, 
keeping  his  or  her  heels  firmly  on  the  ground.  The  trainee  raised  his  or  her  upper  body 
to  a  vertical  position  so  that  the  base  of  the  neck  was  anterior  to  the  base  of  the  spine 
and  then  returned  to  the  starting  position.  Drill  sergeants  recorded  the  number  PU  and 
SU  successfully  completed  in  separate  2-minute  periods  with  a  10-30  minute  rest 
between  events. 

Table  26  shows  PU  and  SU  performance  data  collected  in  various  studies  from 
1984  to  2003  (19  year  period).  During  the  course  of  BCT,  the  average  improvements  in 
PU  for  men  ranged  from  12  to  19  repetitions  and  for  women,  12  to  22  PU.  Average 
absolute  improvements  in  SU  for  men  ranged  from  15  to  19  repetitions  and  for  women, 
19  to  30  SU.  Relative  improvements  in  PU  and  SU  during  BCT  are  large  probably 
reflecting  the  fact  that  trainees  are  specifically  trained  for  performance  on  these  tasks 
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(71 ,74).  In  all  cases,  the  average  relative  improvements  of  the  women  were  greater 
than  those  of  the  men. 

Figures  19  and  20  show  secular  changes  in  pre-BCT  measures  of  PU  and  SU 
performance,  respectively.  There  was  a  small  trend  for  improved  male  performance  on 
PU  over  time  but  virtually  no  difference  for  female  PU.  There  was  a  weak  trend 
indicating  lower  performance  over  time  for  male  SU  but  little  trend  in  the  female  SU 
data. 


Table  26.  Push-Up  and  Sit-Up  Performance  of  Recruits  Before  and  After  BCT°  and  Over  Time 


Event 

Year 

Study 

(Reference 

Number) 

Pre-Basic 

(Mean±SD) 

Post-Basic 

(MeantSD) 

Diff° 

{%) 

N 

Diff° 

(%) 

PU 

61 

97 

31±9 

c 

C 

138 

12±10 

C 

62 

137 

27±11 

c 

c 

c 

c 

c  "  ' 

C 

61 

1357 

31±13 

c 

c 

792 

10±7 

c 

c 

32±12 

50±12 

11±7 

28±10 

154.5 

37±14 

51±13 

37.8 

c 

c 

c 

72 

389 

33±15 

51±14 

54.5 

77 

604 

32±14 

47±13 

46.7 

lIKDSEl^l 

25±10 

74 

688 

33±13 

52±13 

57.6 

446 

10±9 

MMtfM 

73 

656 

34±13 

46±12 

12±10 

SU 

1984 

61 

98 

55±14 

c 

■noi 

40±12 

c 

c 

62 

136 

38±11 

c 

c 

c 

c 

c 

c 

61 

1357 

44±12 

c 

c 

902 

34±14 

c 

c 

14 

509 

44±12 

63+10 

43.2 

HElEIEHi 

61  ±12 

112 

1357 

50±13 

63±12 

26.0 

HHHHi 

c 

72 

389 

40±14 

59±10 

47.5 

342 

33±15 

55±12 

66.7 

77 

604 

41±13 

57±10 

39.0 

305 

35±15 

54+12 

54.3 

titaiiM 

74 

688 

44±12 

60±14 

36.4 

446 

34±14 

53±18 

55.9 

2003 

73 

656 

46±12 

61±11 

40±15 

59±11 

47.5 

®Sixth  or  seventh  week  of  BCT 

‘’Diff=Dlfference  between  pre  and  post  basic  training 

®No  data  collected  in  these  studies 
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d.  Height,  Weight,  Body  Mass  Index  and  Body  Composition 

Several  studies  have  collected  weight,  BMI,  body  fat,  and/or  fat-free  mass  among 
basic  trainees  from  1978  to  2003  (26  year  period).  In  most  studies,  height  and  weight 
were  collected  directly  by  the  investigators  and  their  teams.  Height  was  measured 
using  an  anthropmeter  and  weight  was  measured  using  a  digital  or  balance-type  scale 
(14,61 ,62,79,1 12,124,129,141)*’.  In  one  study,  heights  and  weights  were  obtained  from 
personnel  records  (73).  BMI  was  calculated  from  height  and  weight  in  all  studies.  Most 
studies  (61 ,79,124,129,141  f  on  body  fat  have  carefully  obtained  skinfolds  and  have 
estimated  body  fat  using  the  equations  of  Durnin  and  Womersley  (31).  In  several 
studies  (14,61,62,1 12)  body  fat  was  estimated  from  circumferences  using  the  Army 
equations  (137)°.  Fat-free  mass  was  calculated  in  these  studies  by  subtracting  body  fat 
(kg)  from  weight  (14,61,62,79,112,124,129,141). 

Table  27  shows  weight,  BMI,  body  fat,  and  fat-free  mass  of  recruits  from  1978  to 
2003  both  before  and  at  the  end  of  BCT  (26  year  period).  Height  was  collected  only 
before  BCT  in  all  studies.  The  body  weight  of  men  generally  showed  small  changes 
after  BCT  but  women  gained  weight,  although  these  weight  gains  have  been  smaller 
more  recently.  Both  men  and  women  generally  lose  fat  and  gain  fat-free  mass  during 
BCT.  This  gain  and  loss  in  men  is  balanced  so  that  weight  changes  very  little.  For 
women,  the  weight  gain  is  due  to  a  greater  gain  in  fat-free  mass  compared  to  the  loss  of 
fat.  One  notable  exception  involved  the  1998  study  (125)  in  which  men  lost  weight  due 
exclusively  to  a  loss  in  body  fat. 

Figures  21  to  25  graphically  display  the  trends  in  the  pre-BCT  measures  of  height, 
weight,  BMI,  body  fat  and  fat-free  mass,  respectively.  The  relative  increase  in  height, 
weight,  and  BMI  for  men  from  1978  to  2003  (25  year  period)  was  1%,  11%.  and  8%, 
respectively;  these  values  for  women  were  1%,  6%  and  5%,  respectively.  The  relative 


Some  studies  do  not  specify  the  exact  methods  in  the  article  but  the  personal  knowledge  of  the  authors  was  used  to 
obtain  the  methods  and  they  are  correct  as  stated, 

^  Information  obtained  from  the  author 
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increase  in  body  fat  and  fat-free  mass  from  men  from  1978  to  1998  (20  year  period) 
was  15%  and  6%,  respectively;  these  values  for  women  were  3%  and  3%,  respectively. 
A  linear  trend  accounted  for  most  of  the  variance  in  these  measures.  One  exception 
was  that  a  third  order  polynomial  best  fit  the  body  fat  trend  of  women  (i^=0.57). 
However,  this  added  little  to  conceptually  explaining  the  trend  and  was  probably  just 
due  to  the  wider  variance  in  the  data. 


Table  27.  Physical  Characteristics  and  Body  Composition  of  Recmits  Before  and  After  BCT  from  1978  to  2003 


Variable 

Study 

(Reference 

Number) 

Men 

Women  ! 

N 

Pre-Basic 

(MeaniSD) 

Post-Basic 

(MeantSD) 

Diff 

(%) 

N 

Post-Basic 

(MeanlSD) 

Diff“ 

(%) 

Height 

(cm) 

79 

174.3±6.6 

t) 

b 

393 

mum 

129 

90 

D 

D 

113 

162.7±6.2 

5 

- 6 - 

61 

123 

b 

D 

186 

b 

- 6 - 

62 

b 

b 

b 

0 

- 5 - 

1988 

61 

b 

D 

b 

- 6 - 

1988 

14 

509 

b 

b 

b 

b 

1989 

112 

1357 

175.6±6.7 

b 

0 

BHH 

HBHHI 

b 

b 

1998 

124® 

b 

b 

168 

163.016.1 

b 

b 

73 

IWHIgigRM 

b'"' 

b 

898 

163.516.4 

b 

- 6 - 

Weight 

(kg) 

1978 

79 

769 

393 

59.117.1 

61.316.7 

EMI 

129 

90 

72.9±9.6 

73.517.6 

+0.8 

113 

58-916.5 

61.216.3 

+3.9 

61 

124 

b 

D 

58.715.8 

b 

- B - 

1987 

62 

303 

75.5±11.9 

b 

'5— 

b 

b 

b 

61 

75.7±12 

b 

. . b' . 

- 5 - 

b 

wmm 

14 

509 

b 

D 

D 

b 

112 

75.7±12 

b 

D 

B - 

b 

- B - 

141 

b 

D 

b 

b 

62.118.7 

62.918.1 

+1.3 

124 

99 

78.0±12.6 

76.8111.2 

-1.5 

101 

62.019.8 

62.819.4 

73 

b' 

b 

898 

62.719.6 

b 

1 

79 

769 

23.3'^ 

23.6““ 

393 

22.4““ 

23.2““ 

+3.6 

1983 

129 

90 

23.9““ 

0.8 

113 

22.3““ 

23.1"*“ 

+3.6 

61 

123 

b 

D 

186 

22.412.0 

D 

- B - 

62 

303 

b 

'  b 

b 

b  ■  ■ 

D 

- 5 - 

61 

b 

b 

22.212.0 

- 5 - 

b 

■kliUl 

14 

509 

24.9'^ 

b 

D 

22.0“ 

D 

- B - 

1989 

112 

24.5±3.4 

b 

b 

b 

- 5 - 

- E - 

124‘ 

-1.6 

H«M 

73 

D 

b 

Body 

Fat  {%) 

79 

769 

mEEM 

393 

28.014.7 

26.513.7 

ISSEIi 

129 

90 

-14.1 

113 

25.613.9 

24.313.4 

1984 

61 

124 

0 

186 

25.219.4 

- 5 - 

62 

302 

16.9±4.5 

b 

b ' 

b 

D 

b 

D 

61 

1053 

16.1±5.8 

0 

D 

22.212.0 

D 

- B - 

14 

b 

"  b 

1^ 

b 

- B - 

112 

b 

b 

■ai 

HHHHIi 

0 

b 

141 

b 

•  ^ _ 

b 

D 

150 

31.314.5 

30.614.5 

-2.2 

124 

17.713.9 

-5.9 

100 

Fat- 

Free 

Mass 

(kg) 

79 

+3.0 

393 

KSESSi 

44.914.5 

KSaEl 

129 

60.6±5.7 

63.015.7 

+3.9 

113 

46.214.1 

61 

61.2“ 

b 

D 

43.9 

- B - 

- B - 

1987 

62 

62.7“ 

b 

D 

b 

b 

- 5 - 

1988 

61 

b 

b 

42.7“ 

B 

D 

1988 

14 

WF 

b 

D 

BcU-VJi 

42.4“ 

1989 

112 

1357 

els® 

b 

D 

B 

D 

b  '  ■ 

b 

1993 

141 

b 

D 

b 

D 

150 

42.514.8 

43.514.9 

+2.4 

1998 

124 

99 

63.0±8.2 

63.017.9 

0.0 

100 

43.715.7 

45.315.6 

+3.7 

“Year  data  collected 

‘^hese  data  were  not  collected  in  these  studies 

®D}ff=Difference  between  pre-  and  post-basic  training  calculated  as  (post-pre/pre)*100% 
‘^Calculated  from  data  in  study 

^Assumes  same  height  as  pre-basic  since  post-basic  height  was  not  measured 
^Previously  unpublished  data  from  this  study 
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in  Fat-Free  Mass  of  Recruits  on  Entry  i 


•I?'®; 


i' 3 


70n'.l«Meni 


Table  28  shows  the  absolute  (kg)  differences  In  pre-BCT  weight,  body  fat  and  fat- 
free  mass  among  recruits  in  1978  and  1998.  The  data  indicate  that  about  H  the 
difference  in  body  weight  is  due  to  fat  and  about  14  due  to  fat-free  mass. 


Table  28.  Body  Weight  and  Body  Composition  Differences  of  Recruits  in  1978  and  1998 


Study 

(Reference 

Number) 

Year 

Men 

Women 

Weight 

<i<g) 

Body  Fat  (kg) 

Fat-Free 
Mass  (kg) 

Weight  (kg) 

Body  Fat  (kg) 

^at-Free 
Mass  (kg) 

79 

1978 

70.9 

11.6 

59.3 

59.1 

16.7 

42.4 

126) 

1998 

78.9 

15.2 

63.7 

62.6 

18.7 

43.9 

Difference  (kg) 

8.0 

3.6 

4.4 

3.5 

2.0 

1,5 

Table  29  shows  historical  data  compiled  by  FriedI  (42)  on  weight  and  body 
composition  of  soldiers  going  back  to  the  Civil  War.  Added  to  this  are  previously 
unpublished  data  collected  most  recently  at  Ft  Jackson,  SC  among  basic  trainees 
(124,125).  The  1864  sample  is  obtained  from  active  duty  soldiers  but  it  is  not  clear 
exactly  who  the  1919  and  1946  samples  involved.  It  can  be  seen  that  the  differences  in 
height  between  1864  and  1998  is  small  (3%)  but  weight  differences  are  more  dramatic 
(23%).  Estimated  relative  body  fat  Is  somewhat  variable  but  it  is  clear  that  estimated 
fat-free  mass  is  increasing  over  time.  Estimated  fat-free  mass  Is  23%  higher  In  1998 
compared  to  1864. 
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Table  29.  Historical  Data  on  Physicaf  Characteristics  of  Male  Soldiers  from  1864  to  1998 


Study  Year  (n)  I 

1864^ 

(23624) 

1919“ 

(99,449) 

1946" 

(85,000) 

1984" 

(869) 

1998° 

(181) 

26 

25 

24 

26 

22 

Height  (inches) 

67 

68 

68 

69 

69 

Weight  (pounds) 

141 

145 

155 

167 

174 

Waist  Girth  (inches) 

32 

31 

31 

33 

34 

Estimate  Body  Fat  (%f 

16.9 

15.7 

14.4 

17.3 

17.0 

Estimated  Fat-free  Mass  (pounds) 

117 

122 

133 

138 

144 

Historical  data  (42) 

‘’Previously  unpublished  data  from  study  of  male  basic  trainees  at  Ft  Jackson  South  Carolina  (124,125) 

‘’Body  fat  is  estimated  from  mean  values  for  height,  weight,  neck  and  waist  circumference  using  the  circumferential  method  in  Army 
Regulation  600-9  (7).  One  exception  is  the  1984  value  which  is  from  hydrostatically  determined  body  fat  (34). 


e.  Physical  Activity 


Table  30  shows  physical  activity  of  basic  trainees  from  2  surveys.  The  question 
asked  of  recruits  was  “Over  the  last  month,  how  often  did  you  exercise  or  play  sports  for 
15  minutes  or  more?”.  There  was  little  difference  in  the  distribution  of  scores  in  the  two 
years  but  the  time  period  between  surveys  was  only  3  years. 


Table  30.  Physical  Activity^  Among  Basic  Trainees  on  Entry  to  Service 


Men 

Women 

2001  (n=1166) 

6 

7 

10 

12 

13 

11 

16 

19 

17 

15 

19 

4.  5-6  Days/Week  (%) 

39 

37 

43 

38 

5. 7Days/Week  (%) 

24 

26 

25 

16 

MeaniSD  (Response  #) 

3.6±1.2 

3.6±1.2 

3.6±1.2 

3.3±1.3 

®The  question  was  "Over  the  last  month,  how  often  did  you  exercise  or  play  sports  for  15  minutes  or  more?” 


7.  PHYSICAL  FITNESS  CHANGES  DURING  BCT 

To  obtain  a  more  complete  picture  of  improvements  in  fitness  during  BCT,  we 
examined  progressive  changes  in  APFT  scores  of  recruits  during  BCT.  The  database 
used  in  this  analysis  was  obtained  from  the  Directorate  of  Information  Management 
(DOIM)  at  Ft  Jackson.  From  about  1999  to  2000  the  DOIM  routinely  compiled  Army 
Physical  Fitness  Test  (APFT)  raw  scores  from  a  company-level  data  management  tool 
called  the  Master  Tracking  System  (MTS).  After  each  BCT  company  completed  its 
training  cycle,  the  DOIM  downloaded  data  from  the  MTS,  including  APFT  scores  and 
trainee  demographics.  Demographics  described  the  recruits  at  the  start  of  training  and 
the  APFT  data  consisted  of  4  tests  taken  by  each  recruit.  Although  there  was  some 
variation,  the  4  APFTs  were  generally  administered:  1)  within  1-3  days  of  arrival  for 
BCT,  2)  during  Week  3  of  BCT,  3)  during  Week  5  of  BCT,  and  4)  during  Week  7  of  BCT. 
For  the  purposes  of  this  analysis,  these  were  referred  to,  respectively,  as  Diagnostic  1 
Test,  Diagnostic  2  Test,  Diagnostic  3  Test,  and  Final  Test.  Demographic  data  included 
pay  grade  (rank),  race,  marital  status,  educational  level  and  component  (active  Army, 
Army  Reserve,  National  Guard).  The  database  spanned  the  period  May  1999  through 
April  2000.  There  were  a  total  14,499  men  and  9,595  women  although  data  was  not 
available  for  ail  trainees  on  ail  variables. 
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a.  Demographic  Composition  of  the  Sample 

Table  31  shows  the  demographic  composition  of  the  group.  Most  of  the  men  were 
single,  white,  high  school  graduates  in  the  regular  Army.  Black  men  made  up  about  % 
of  the  male  sample  and  Army  Reserve  and  National  Guard  made  up  about  1/3  of  the 
sample.  The  demographics  of  the  women  were  similar.  Again,  most  of  the  women 
were  White,  single,  high  school  graduates  in  the  Regular  Army.  Black  women  made  up 
over  1/3  of  the  female  sample  and  about  40%  of  the  women  were  in  the  Army  Reserve 
and  National  Guard. 


Table  31,  Demographic  Composition  of  Recruits  in  APFT  Sampte 


Variable 

Level  of  Variable 

Men 

Women 

N 

% 

N 

% 

Grade 

El 

9,614 

66.3 

5805 

60.5 

E2 

2,529 

17.4 

1844 

19.2 

E3 

1J47 

12.0 

1460 

15.2 

E4 

609 

4-2 

486 

5.1 

Race 

White 

9,651 

66.6 

5152 

53-7 

Black 

3,365 

23.2 

3496 

36.4 

Other 

1,438 

9.9 

935 

2.8 

Unknown/Missing 

45 

0.3 

12 

0.1 

Marifef  Status 

Single 

12,757 

87.9 

8245 

85.9 

Married 

1,741 

12.0 

1346 

14.0 

Unknown/Missing 

6 

0.0 

4 

Educational 

Level 

<  High  Sdiool 

874 

6.0 

553 

5.8 

High  School  Diploma 

11,193 

77.2 

7650 

79.7 

GED^ 

1552 

10.7 

634 

6.6 

420 

2.9 

398 

4.1 

. . . 

458 

3.2 

358 

3.7 

2 

0.0 

2 

0.0 

9,220 

63.6 

5743 

59.9 

Army  Reserve 

2,621 

18.1 

1937 

20.2 

National  Guard 

2,658 

18.3 

1915 

20.0 

®GED=Generaf  Education  Development  Certificate 


b.  Progressive  Changes  in  Fitness  During  BCT 

Table  32  shows  the  APFT  raw  scores.  The  first  thing  to  note  is  the  decline  in  the 
number  of  trainees  through  the  various  test  periods.  This  was  probably  due  to  soldiers 
who  were  discharged,  newstarted  (recycled)  and/or  who  were  on  profile  (medical 
prohibition  from  physical  activity)  when  the  tests  were  administered  (73,74,77).  Figures 
26  to  28  graphically  depict  the  changes  In  PU,  SU,  and  the  2-mile  run,  respectively. 


Table  32.  Changes  In  Physical  Fifaiess  of  Recruits  During  BCT  in  the  APFT  Sample 


Men 

Women 

N 

N 

Push-Ups 

14,489 

9,591 

9±9 

12,836 

41±14 

8,125 

16±11 

11,408 

46±14 

7,160 

22±11 

Final 

11,073 

50±12 

7,177 

26±11 

Sit-Ups 

14,490 

43±13 

9,591 

34±14 

■ . . 

12,842 

53±12 

8,136 

46±14 

11,406 

58±12 

7,161 

54±13 

Final 

11,073 

63±10 

7,179 

60±11 

2-Mile  Run 

14,499 

17,5±2.6 

9,595 

12,641 

i5J±2A 

7,831 

19.7±2.5 

Diagnostic  3 

11,282 

15.0±1.8 

6,955 

18.7±2.2 

Final 

10,985 

14.6±1.3 

7,075 

17.9±1.7 
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Table  33  shows  the  absolute  and  relative  changes  in  the  APFT  scores  from  the 
first  diagnostic  test  to  the  final  test  at  Week  7.  Absolute  improvements  In  PU 
performance  were  similar  for  men  and  women  but  women’s  relative  performance  was 
much  greater.  Absolute  and  relative  improvements  in  SU  and  the  run  were  much 
greater  for  women. 


Table  33»  ^solute  and  Relative  Changes  in  Fifriess  of  Remilte  During  7  Weeks  of  BCT 


Men 

Women 

Score  Change 
(reps  or  min) 

Relative  Change 

(%) 

Score  Change 
(reps  or  min) 

Relative  Change 

(%) 

Push-Ups 

18 

56.3 

17 

188.9 

Sit-Ups 

20 

46.5 

26 

76.5 

2-Mile  Run 

2.9 

16.6 

3.8 

17.5 

The  inclusion  of  all  trainees  who  took  the  APFT  might  not  provide  an  accurate 
picture  of  improvements  in  fitness  during  BCT.  This  is  because  trainees  who  have  the 
lowest  fitness  level  are  those  most  likely  to  be  injured  (63)  or  discharged  (70)  and 
consequently  least  likely  to  complete  all  APFTs.  The  low  fitness  score  of  the  trainee 
would  be  included  in  the  initial  score  because  this  is  taken  very  earty  in  training  but  they 
would  be  under-represented  in  later  scores  due  to  injury  or  discharge.  It  is  not  clear 
how  this  would  affect  changes  in  scores.  On  one  hand,  over-representation  of  low  fit  in 
the  initial  score  would  tend  to  lower  the  initial  value;  under-representation  in  the  final 
score  might  tend  to  raise  the  final  scores  since  those  of  higher  fitness  would  be 
overrepresented.  On  the  other  hand,  low  fit  Individuals  generally  Improve  their  aerobic 
capacity  the  most  in  BCT  (108,124).  Since  they  are  under-represented  in  the  final  score 
this  might  lower  the  final  score. 
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To  resolve  this  issue,  trainees  who  completed  all  4  tests  on  a  particular  APFT 
event  were  examined.  Table  34  shows  the  descriptive  statistics  for  these  trainees  and 
Table  35  shows  the  relative  and  absolute  changes  from  the  first  diagnostic  test  to  the 
final  test.  The  overall  effect  of  Including  trainees  who  did  not  complete  training  is  very 
small. 


Table  34.  Changes  in  Physical  Fitness  During  BCT  for  Recaiits  Completed  An  Event 


Men 

Women 

N 

N 

Push-Ups 

9,492 

32±13 

4,856 

12±8 

Diagnostic  2 

9,492 

41±14 

4,856 

19±10 

9.492 

46+13 

4,856 

24±10 

Final 

9,492 

50±12 

28±10 

Sit-Ups 

Diagnostic  1 

9,544 

43±13 

5,860 

35±14 

Diagnostic  2 

9,544 

53±12 

5,860 

47±14 

9,544 

59±11 

5,860 

55±12 

Final 

9,544 

63±10 

5,860 

60±11 

2-Mile  Run 

17.4±2.5 

5,526 

21.5±2.8 

9,298 

15,7±2.0 

5,526 

19.5±2.5 

Diagnostic  3 

9,298 

15.0±1.7 

5,526 

18.6±2.1 

Final 

9,298 

14.6±1.3 

5,526 

17.9±1.7 

Table  35.  Absolute  and  Relative  Changes  in  Fitness  of  Recruits  During  7  Weeks  of  BCT 


Men 

Women 

■■ElSljilHH 

Relative  Change  (%) 

Relative  Change  (%) 

Push-Ups 

18  ^ 

56.3 

16 

133.3 

Sit-Ups 

21 

50.0 

25 

71.4 

2-Mile  Run 

2.7 

15.6 

3.5 

16.4 

c.  Changes  in  Fitness  Among  High  School  Diploma  Graduates 


Ages  were  not  available  in  the  DOIM  database  so  it  was  not  possible  to  examine 
the  Army’s  prime  market  as  requested  by  the  CAR.  However,  educational  status  was 
available  so  high  school  graduates  were  examined.  Table  36  shows  changes  in  APFT 
raw  scores  among  high  school  diploma  holders  and  Table  37  shows  the  relative  and 
absolute  changes  during  BCT.  It  can  be  seen  that  the  values  are  identical  In  all  but  a 
few  cases  to  the  entire  sample  shown  in  Table  32.  This  is  not  surprising  since  high 
school  graduates  made  up  77%  to  80%  of  the  total  sample. 


Table  36.  Changes  in  Physical  Fitness  of  High  School  Diploma  Graduate  Recruits  During  BCT 


Men 

Women 

N 

Raw  Score  (reps 
or  min) 
(meaniSD) 

N 

Push-Ups 

Diagnostic  1 

11,187 

32±14 

7,646 

9±9 

Diagnostic  2 

9,956 

41±14 

6,495 

16±11 

Diagnostic  3 

8,859 

46±14 

5,744 

22±11 

Final 

8,584 

50±12 

5,733 

26±10 

Sit-Ups 

Diagnostic  1 

11,189 

43±13 

7,646 

34±14 

Diagnostic  2 

9,964 

53±12 

6,504 

46±14 

Diagnostic  3 

8,857 

58±12 

5,745 

54±13 

Final 

8,583 

63±10 

60±11 

2-Mile  Run 

Diagnostic  1 

11,193 

17.4±2.6 

7,650 

21.8±2.8 

Diagnostic  2 

9,813 

15.7±2.1 

6,259 

19.7±2.6 

8,768 

15.0±1.8 

5,573 

18.7±2.2 

Final 

14.6±1.3 

5,649 

18.011.7 
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Table  3T.  ^solute  and  Relative  Changes  in  Fitness  During  7  Weeks  of  BCT  ^nong  High  School  Dipfoma  Graduates 


Men 

Women 

Score  Change  (Reps 
or  Min) 

Relative  Change  (%) 

Score  Change  (Reps 
or  Min) 

Relative  Change  (%) 

Push-Ups 

IS 

56.7 

17 

188.9 

Sit-Ups 

20 

46.5 

26 

76,4 

2-Mile  Run 

2.8 

16.1 

3.8 

17.4 

d.  Changes  in  Fitness  by  Race 

In  order  to  examine  racial  differences  with  regard  to  changes  in  APFT  scores,  a 
3X4  mixed  model  ANOVA  was  performed.  The  model  compared  three  racial  groups 
(White,  Black,  Other)  as  independent  measures  and  the  4  APFT  test  periods  as 
repeated  measures.  Where  racial  main  effects  were  found,  differences  between  races 
were  further  analyzed  using  the  Tukey  Test.  Because  repeated  measures  ANOVA 
requires  complete  data,  only  trainees  that  completed  all  4  tests  could  be  included  in  the 
analysis. 

There  were  6,  3X4  ANOVAs  performed.  For  men  and  women  there  were  3 
ANOVAs  for  each  APFT  event.  Each  ANOVA  had  two  main  effects  and  one  interaction. 
The  ^o  main  effects  were  for  test  periods  and  race.  The  main  effect  for  test  period 
indicated  whether  or  not  test  scores  improved  during  BCT,  regardless  of  race.  As  would 
be  expected,  in  all  analyses  test  scores  improved  indicating  the  physical  training 
program  was  successful  in  enhancing  performance.  The  main  effect  of  race  indicated 
whether  or  not  there  were  racial  differences  regardless  of  the  test  periods.  This  differed 
depending  on  gender  and  race  will  be  discussed  below.  Finally,  the  interaction 
indicates  whether  or  not  the  pattern  of  change  over  the  test  periods  differed  by  race. 
Here,  too,  there  were  differences  which  will  be  discussed.  Where  racial  main  effects 
were  found,  the  Tukey  test  was  used  to  determine  differences  between  groups. 

Table  38  shows  APFT  raw  score  by  race  for  the  men.  Figures  29  to  31  graphically 
display  the  changes  among  the  men  by  race  for  PU,  SU,  and  the  2-mile  run, 
respectively.  On  the  PU  event,  there  were  significant  main  effects  for  test  periods 
(p<0.01),  race  (p<0.01)  and  the  interaction  was  significant  (p=0.02).  The  Other  racial 
category  consistently  scored  higher  than  Whites  or  Blacks  (p<0.01)  and  Blacks  scored 
higher  than  Whites  (p<0.01 ).  The  Interaction  effect  appears  to  indicate  a  slightly  faster 
rate  of  improvement  for  the  Other  racial  group  from  Diagnostic  Test  1  to  Diagnostic  Test 
2. 

For  men  on  the  SU  event,  there  were  significant  main  effects  for  test  period 
(p<0.01 ),  race  (p<0.01 )  and  the  Interaction  was  significant  (p<0.01 ).  The  Tukey  test  on 
the  race  main  effect  indicated  that  Blacks  scored  higher  than  Whites  (p<0,01 )  but  there 
were  no  differences  between  Blacks  and  Others  (p=0.64)  or  Whites  and  Others 
(p=0.23).  The  interaction  appears  to  reflect  a  slightly  faster  rate  of  improvement  for 
those  in  the  Other  racial  group  seen  from  Diagnostic  Test  1  through  Diagnostic  Test  3. 

For  men  on  the  2-mile  run,  there  were  significant  main  effects  for  test  period 
(p<0,01)  and  race  (p<0.01)  but  the  interaction  was  not  significant  (p=0.21).  The  Tukey 
test  on  the  race  main  effect  indicted  that  both  Blacks  (p=0.02)  and  Whites  (p<0.01)  ran 
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faster  than  the  Other  racial  group  but  there  were  no  differences  between  Whites  and 
Blacks  (p=0.53).  The  lack  of  a  significant  interaction  indicated  that  all  racial  groups 
improved  similarly  over  time. 


Tabie  38.  APFT  Raw  Scores  for  Male  Recmits  by  Race  (MeantSD) 


Test  Event 

Race 

Diagnostic  3 
(reps  or  min) 

Final 

(reps  or  min) 

Change® 

(%) 

Push-Ups 

White 

31±13 

40±13 

45113 

49112 

Black 

34±14 

42±13 

47113 

Other 

36±14 

46±14 

51114 

53.2 

Sit-Ups 

White 

42±13 

52±12 

58111 

62110 

47,3 

Black 

44±12 

53±12 

59111 

63+10 

43.0 

Other 

53±12 

59112 

64111 

47.9 

15.6±2.0 

14.911.7 

14.511.3 

16.2 

15.7±2.1 

15.0+1.8 

14.611.4 

15.6 

Other 

17.6±2.4 

16.112.1 

15.211.5 

14.811.3 

15.9 

^Change  in  score  from  Diagnostic  1  to  Final 
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Table  39  shows  APFT  raw  scores  by  race  for  the  women.  Figures  32  to  34 
graphically  display  the  APFT  changes  by  race  for  PU,  SU,  and  the  2-mile  run, 
respectively.  For  women  on  the  PU  event,  there  were  significant  main  effects  for  test 
periods  (p<0.01)  and  race  (p<0.01),  and  the  interaction  was  also  significant  (p<0.01). 
The  Other  racial  category  consistently  scored  higher  than  Whites  or  Blacks  (p<0.01) 
and  Whites  scored  higher  than  Blacks  (p<0.01).  The  interaction  effect  appears  to 
indicate  a  slightly  faster  rate  of  improvement  for  the  Other  racial  group  seen  from 
Diagnostic  Test  2  to  Diagnostic  Test  3. 

For  women  on  the  SU  event,  there  were  significant  main  effects  for  test  period 
(p<0.01)  but  not  for  race  (p=0.18):  the  interaction  was  significant  (p<0.01).  The 
interaction  appears  to  reflect  a  slightly  faster  rate  of  overall  improvement  for  those  in  the 
Other  racial  group  and  a  slightly  slower  rate  of  improvement  on  the  part  of  Blacks. 

For  women  on  the  2-mile  run,  there  were  significant  main  effects  for  test  period 
(p<0.01)  and  race  (p<0.01)  and  the  interaction  was  significant  {p<0.01).  The  Whites  ran 
faster  than  both  Blacks  (p<0.01)  and  Others  (p<0.01)  while  Others  ran  faster  than 
Blacks  (p<0.01).  Although  Blacks  demonstrated  slower  run  times  overall,  the  interaction 
indicated  a  faster  rate  of  improvement  for  Blacks. 


Table  39.  APFT  STOres  for  Female  Recaiits  by  Race  (MeaniSD) 


Test  Event 

Race 

Diagnostic  1 
(reps  or  min) 

Diagnostic  2 
(reps  or  min) 

Diagnostic  3 

(reps  or  min) 

Final 

(reps  or  min) 

Change® 

(%) 

Push-Ups  (reps) 

White 

10±9 

17±11 

22±12 

27±10 

167.0 

9±8 

16±9 

22±10 

25±9 

171.3 

12±10 

18±11 

25±11 

30±11 

156.0 

Sit-Ups  (reps) 

BZliSgi 

34±15 

47±14 

55±13 

60±11 

73.9 

35±13 

46±13 

54±12 

60±10 

70.0 

33±14 

45±15 

53±13 

59±11 

79.7 

2-Mile  Run  (min) 

White 

21.0±2.8 

19.2±2.4 

18,3±2.1 

17.6±1.6 

16.2 

Black 

22.2±3.0 

20.2db2.5 

19.1±2.1 

18.3±1.7 

17.7 

Other 

21.3±2.7 

19.7±2.3 

18.7±1.9 

17.9±1.5 

16.0 

^Change  in  score  from  Diagnostic  1  to  Final 
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8.  GENERAL  DISCUSSION. 

Data  on  secular  trends  in  the  fitness  of  youth,  young  adults,  and  recruits  are  limited 
but  available  information  suggests  that  the  situation  is  more  complex  than  portrayed  in 
the  popular  press  (18,30,92,139).  Some  components  of  fitness  appear  to  have 
degraded  over  time  but  other  fitness  components  have  not  changed  and  some  have 
actually  improved.  Cardiorespiratory  endurance  of  male  youth,  male  young  adults,  and 
male  recruits  has  apparently  not  changed  over  time  while  there  Is  some  indication  that 
that  female  cardiorespiratory  endurance  may  have  Improved;  however,  studies  involving 
endurance  runs  for  time  show  performance  declines  for  both  men  and  women.  Data  on 
the  muscle  strength  of  recruits  suggests  an  improvement  in  strength  in  the  last  20 
years.  Studies  involving  muscular  endurance  suggest  there  was  a  small  performance 
Increase  from  1965  to  1985  among  youth  while  recruit  data  suggests  little  or  no  change 
in  most  measures  from  1984  to  2003.  There  is  strong  evidence  that  BMi  and  body 
weight  is  increasing  in  youth,  young  adults  and  recruits;  however,  limited  data  on 
recruits  suggests  that  about  14  the  gain  in  body  weight  is  fat  mass  and  about  14  the  gain 
Is  fat-free  mass. 

a.  Cardiorespiratory  Fitness 

There  has  been  no  change  in  the  V02max  of  15  to  19  year  old  boys  from  the  mid 
1930s  to  the  1990s  (32)  and  no  change  in  the  V02max  of  male  recruits  from  1975  to 
1998  (125,138).  There  has  been  an  increase  in  the  V02max  of  girls  from  the  1960s  into 
the  1990s  (32)  supported  by  a  higher  maximal  aerobic  capacity  of  new  female  recruits 
in  1998  compared  to  the  1975  to  1978  period  (108,125,138). 
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In  contrast  to  the  data  on  V02max,  there  has  been  a  decline  in  the  perfoimance  of 
endurance  running  tasks  like  the  shuttle  run  and  the  1-mile  run  for  both  boys  and  girls 
up  to  high  school  age  (81 ,130,132).  Consistent  with  this  Is  a  decline  in  the  2-mile  run 
times  of  recruits  from  1988  to  2003  (61,72,73,74,77,112).  While  these  data  appear  to 
contradict  the  V02max  data,  a  distinction  must  be  made  between  physiological  tests  like 
V02max  and  performance  tests  Involving  endurance  runs  for  time.  Endurance  runs  are 
used  as  surrogate  measures  of  aerobic  capacity  because  they  have  a  large  aerobic 
component.  V02max  is  highly  related  to  2-mlle  run  times  with  correlations  ranging  from 
-0.76  to  -0.91  (67):  the  correlation  between  the  shuttle  run  and  V02max  ranges  from 
0.66  to  0,95  (43,46,85,86,93,105,1 17,128).  Thus,  the  variance  in  common  to  these 
endurance  run  tests  and  V02max  (i.e.,  correlation  squared)  is  44%  to  82%.  However, 
this  leaves  unaccounted  for  18%  to  56%  of  the  variance.  Perfomiance  tests  can  be 
influenced  by  factors  not  directly  related  to  physiological  capability  such  as  experience 
with  njnning  (practice,  pacing  ability,  ability  to  tolerate  running  discomfort),  motivation, 
and  environmental  factors  (instructions,  terrain,  weather,  slope  of  the  course).  Since 
V02max  has  not  changed  (males)  or  Improved  slightly  (females)  over  time  it  may  be  that 
youth  and  recruits  are  not  as  proficient  at  applying  their  physiological  capability  to 
performance  tasks  like  runs  for  time.  At  any  rate,  factors  other  than  aerobic  capability 
must  account  for  the  decline  in  run  times. 

Another  factor  to  explore  in  the  apparent  discrepancy  between  V02max  and 
ainning  performance  is  the  increase  in  body  weight.  Weight  added  to  the  body 
increases  the  energy  requirement  of  running  and  decreases  run  times  without 
influencing  absolute  V02max  (28).  There  has  been  an  increase  in  the  body  weight  of 
youth,  young  adults  and  recruits  overtime  (61,73,79,124,129,132,141).  One  study  that 
measured  recruit  body  composition  estimated  from  skinfolds  showed  that  the  additional 
body  weight  was  due  to  an  increase  in  both  fat  mass  and  fat-free  mass  in  about  equal 
proportions  (Table  28, 125).  Increased  fat  mass  would  be  expected  to  decrease 
mnning  performance  since  it  merely  serves  to  increase  body  weight  without  adding  to 
the  oxidative  capacity  of  the  body  during  exercise  (28).  On  the  other  hand,  additional 
fat-free  mass  can  Increase  V02max  in  proportion  to  Its  contribution  as  oxidative  tissue 
involved  in  exercise  (136). 

Table  40  shows  body  fat  and  V02max  data  from  two  recruit  studies  in  1978  and 
1 998  (1 08,1 25)  and  recalculates  V02max  per  kg  of  fat-free  mass.  For  men,  V02max 
per  unit  of  fat-free  mass  was  about  the  same  in  1978  and  1 998.  This  suggests  that  fat- 
free  mass  increased  in  approximate  proportion  to  the  increase  in  aerobic  capacity  and 
that  the  additional  fat  mass  cannot  account  for  the  decline  in  2-mlle  run  times  among 
male  recruits.  For  women,  V02max  per  unit  of  fat-free  mass  was  higher  in  1998  than  in 
1978,  suggesting  that  V02max  increased  disproportionately  to  the  increase  in  fat-free 
mass.  The  increase  in  body  fat  cannot  account  for  the  female  decline  In  2-miie  run 
times  since  V02max  actually  increased.  Thus,  factors  other  than  the  increased  fat  mass 
alone  must  account  for  the  declines  in  run  times  among  recmits. 
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Table  40.  V02max  Data  from  Two  Recruit  Studies  in  1978  (Refence  Number  125)  and  1998  (Reference  Number  108) 


Men 

Women 

1978 

1998 

A 

1978 

1998 

A 

V02max  (Umin) 

3.53 

3.92 

0.39 

2.09 

2.45 

0.36 

V02max  (mL/kg*mln) 

50.7 

50.6 

-0.1 

36.9 

39.2 

2.3 

V02max  (mL/kg  FFW*minf 

61.0 

61.5 

0.5 

1  51.1 

I  55.8 

4.7 

®FFM= Fat-free  weight 


Increased  participation  in  sports  and  exercise  may  be  associated  with 
improvements  in  female  youth  VOamax  from  1960  to  1990  and  the  improvement  in 
female  recruit  V02max  from  1975  to  1998.  In  1971 ,  girls  accounted  for  only  7%  of  all 
high  school  athletes,  but  by  2001  that  proportion  had  risen  to  42%.  In  this  same  time 
period  the  number  of  female  collegiate  varsity  athletes  increased  403%  while  male 
collegiate  varsity  athletes  rose  23%  (114).  From  1977  to  1996,  the  average  number  of 
female  college  sports  teams  increased  from  5.6  per  school  to  7.5  per  school  (2).  Of 
course,  data  on  school  athletes  include  only  the  more  highly  active  individuals.  One 
small  study  of  18  to  19  year  old  women  at  a  southeastern  university  showed  that  the 
physical  activity  of  women  increased  from  1987  to  1997  while  that  of  men  did  not 
change  (4).  Data  from  the  YRBS  suggests  a  decline  in  physical  activity  from  1991  to 
1997  followed  by  a  recovery  back  to  1991  levels  in  subsequent  years  but  this  survey 
covers  only  a  10  year  period.  Studies  on  adult  physical  activity  indicate  that  women’s 
physical  activity  has  increased  from  the  1960s  into  the  1990s  (21,49,60,127)  and  that 
women  increased  their  activity  more  than  men  (21,49,127).  Thus,  there  is  some 
evidence  of  increased  participation  in  women’s  sports  teams  and  increased  physical 
activity  in  the  broader  female  population  that  exceeds  that  of  men. 

b.  Muscular  Strength 

No  data  was  found  on  secular  changes  in  the  muscle  strength  of  youth  or  young 
adults  in  the  civilian  literature.  Data  on  Army  recruits  was  limited  (79,125)  but  the 
results  were  consistent  in  showing  that  the  strength  was  higher  in  1998  than  in  1978  or 
1983  for  all  muscle  groups  tested.  These  results  are  consistent  with  other  findings 
related  to  physical  activity  and  estimated  increases  in  muscle  mass  over  the  same  time 
period.  In  the  1999  YRBS  there  were  a  greater  proportion  of  high  school  students  and 
12“^  graders  who  reported  performing  strengthening  exercise  than  in  earlier  years  (see 
Tables  15  through  18).  There  was  also  an  increase  in  estimated  fat-free  mass  from 
1978  to  1998  in  the  same  groups  of  recruits  who  took  the  strength  tests  (Table  28,  125). 
About  34  of  fat-free  mass  is  muscle  mass  (91)  and  the  amount  of  muscle  mass  is  highly 
correlated  with  muscle  strength  (58,59,89).  The  increase  in  body  fat  would  not  be 
expected  to  influence  muscle  strength  because  there  is  little  relationship  between 
strength  and  body  fat  (66). 

c.  Muscular  Endurance 

Civilian  data  on  muscular  endurance  include  information  on  the  PU  performance  of 
boys,  flexed-arm  hang  performance  of  girls  and  SU  performance  of  both  genders.  In 
general,  there  appears  to  be  a  small  upward  trend  such  that  the  PU  performance  of 
boys  and  flexed-arm  hang  performance  increased  slightly  from  1965  to  1985  (26,132). 
SU  performance  of  boys  and  girls  increased  from  1980  to  1989.  Secular  data  on 
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recruits  has  little  oveilap  with  the  civilian  data  since  recruit  data  covers  a  period  from 
1984  to  2003,  During  this  time,  there  was  a  small  improvement  in  the  PU  performance 
of  men  but  a  decline  in  the  performance  of  SU.  For  women  there  was  virtually  no 
change  in  performance  on  PU  or  SU  during  the  19-year  period  (61,72,73,74,77). 

d.  Body  Weight,  Body  Mass  Index,  and  Body  Fat 

Many  studies  have  used  BMI  as  a  marker  of  overweight  and  obesity 
(23,36,37,38,50,103,1 18).  There  are  several  advantages  to  the  use  of  this  index.  BMI 
“corrects”  body  weight  for  the  height  of  an  individual,  essentially  removing  the 
dependency  of  weight  on  height  (65).  BMI  is  easy  to  obtain  and  the  large  databases 
cited  above  can  be  used  to  describe  populations  and  trends.  The  implicit  assumption  is 
that  BMI  is  a  marker  of  body  fat  and  the  correlation  between  body  fat  and  BMI  is  about 
0.7  in  both  civilian  samples  (65,121)  and  in  new  Army  recruits  (69).  However,  a 
correlation  of  0.7  indicates  that  only  about  34  of  the  variance  in  BMI  Is  In  common  with 
body  fat.  There  is  evidence  that  BMI  may  be  associated  with  different  proportions  of 
body  fat  in  different  racial  groups  and  that  leg  length  and  body  build  can  affect  the 
association  between  fat  and  BMI  (83).  An  individual  can  have  a  high  BMI  because  of  a 
high  proportion  of  any  tissue  In  the  body,  not  just  fat  (e.g.,  bone,  muscle).  A  good 
illustration  of  this  fact  is  the  different  proportions  of  body  tissues  In  men  and  women. 
Table  41  shows  the  weight  of  the  total  body  and  various  body  constituents  in  a 
representative  20  to  24  year  old  man  and  woman  (91).  Compared  to  men,  women  have 
more  of  their  total  body  weight  as  fat  (16%  vs.  26%)  and  less  of  their  body  weight  as  fat- 
free  mass  (74%  vs.  86%).  The  density  of  fat  Is  0.9  gm/cm^  while  that  of  fat-free  mass  Is 
1.1  gm/cwr  (91 ).  Since  fat-free  mass  has  greater  weight  per  volume  (greater  density), 
and  men  have  more  fat-free  mass,  any  absolute  measure  of  BMI  would  tend  to  show 
men  having  higher  BMI.  This  illustration  points  out  a  simple  fact:  BMI  is  Just  weight  for 
height  and  the  relative  amounts  of  the  various  tissues  in  the  body  will  influence  the  BMI 
value. 


Table  41.  Body  Weight  and  Composition  of  20-24  Year  Old  Reference  Man  and  WomanXFrpm  Referencp  91) 


Body  Weight 

(kg)  ... 

BMI  (kg/m^) 

Fat  Mass  (kg) 

Fat-free  Mass 

(kg) 

Muscle  Mass 

(kg) 

Bone  Mass  (kg) 

Man 

70 

23.1 

11 

60 

31 

10 

Woman 

57 

21.1 

15 

42 

20 

7 

Army  Regulation  40-501  (1 1)  contains  a  table  that  prescribes  the  maximum  and 
minimum  body  weight  for  individuals  desiring  to  enter  the  service.  Table  42  shows  the 
entry  level  welght-for-height  tables  converted  to  BMI.  BMI  ranges  from  17.3  to  28.6 
kg/m^  for  men  and  16.2  to  25.9  kg/m^  for  women.  Army  Regulation  600-9  (7)  prescribes 
the  maximal  weight  for  height  for  retention  in  service.  Table  43  shows  the  retention 
weight-for-height  tables  converted  to  BMI  values.  BMI  ranges  from  25.7  to  27.6  kg/m^ 
for  men  and  from  22,4  to  25.0  kg/m^  for  women.  Thus,  in  no  case  does  maximum 
allowable  BMI  exceed  28.6  kg/m^.  However,  if  an  individual  exceeds  the  welght-for- 
height  table,  that  Individual  can  have  his  or  her  body  fat  estimated  using  circumferential 
measures  (137).  If  estimated  body  fat  exceeds  the  maximum  allowable  amount  shown 
in  Table  44  the  individual  is  not  retained  in  service  if  he  or  she  cannot  reduce  their  body 
fat  in  a  reasonable  period  of  time  (7,1 1 ). 
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Table  42.  Height/Weight  Tables  for  Entry  Into  the  Army  Converted  to  BMI 


(Recalculated  from  Reference  11) 


Min=Minimum;  BMI  units  are  kg/m 
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Table  44.  Maximum  Body  Fat  (%)  for  Enfry  into  the  Army  and  for  Retention  in  the  Army  (from  References  7,1 1  f 


_ ^ 

17  to  20  Years 

21  to  27  Years 

28  to  39  Years 

S40  Years 

Men 

24 

26 

28 

30 

Women 

30 

32 

34 

36 

Retention  in 

Army 

Men 

20 

22 

24 

26 

Women 

28 

30 

32 

34 

®Body  fat  is  estimated  from  droumference  only  if  ttie  weight  for  height  tables  are  exceeded 


One  might  assume  that  individuals  with  BMI>30  kg/m^  would  be  screened  out  of 
the  service  because  of  the  weight  for  height  tables  and  the  body  fat  requirement. 
However,  previously  unpublished  data  from  2  studies  (73,77)  shown  In  Table  45 
indicate  that  a  large  proportion  of  men  and  a  smaller  proportion  of  women  who  entered 
service  exceeded  30  kg/m^.  It  must  be  assumed  that  these  individuals  did  not  exceed 
the  body  fat  standards  or  that  they  were  waivered  to  enter  service.  Also  interesting  is 
the  fact  that  2003  had  a  greater  proportion  of  individuals  classified  as  overweight  or 
obese  compared  to  1 998. 


Table  45.  Distribution  of  BM!  Values  and  Average  BMI  Values  in  Two  Studies 


Year  (Reference  Number)  | 

1998  (77)“ 

Men 

Women 

Men 

Women 

Distribution 
of  BMI 

Values 

BMI  <25  kg/m^  (%) 

63 

75 

50 

70 

BMI  25-30  kg/m^(%) 

28 

21 

37 

29 

BMI>30kg/m^(%) 

10 

1 

13 

1 

Mean±SD  BMI  (kg/m^) 

24,2±3,8 

23.0±3.2 

25.2±3.9 

23.4±3.0 

731 

448 

1174 

898 

“Previously  unpublished  date  from  ttiis  study. 
^Combines  Information  from  2  major  groups  In  the  study 


Civilian  studies  show  that  there  was  little  change  In  the  prevalence  of  overweight 
or  obesity  from  1960  to  1980.  However,  after  1980  the  prevalence  of  overweight  and 
obesity  has  progressively  increased  for  both  male  and  female  youth  and  adults 
(23,36,37,103,132).  From  1960  to  1994  the  mean  BMI  of  17  year  old  boys  and  girls 
rose  6%  and  7%,  respectively  while  the  BMI  of  20  to  29  year  old  men  and  women  rose 
4%  and  5%,  respectively  (38).  However,  this  Increase  in  BMI  is  caused  primarily  by  the 
most  overweight  and  obese  becoming  more  overweight  and  obese.  The  increase  In 
BMI  among  Individuals  with  values  <25  kg/m^  is  much  smaller  (38)  although  It  is  not 
possible  to  calculate  the  change  from  the  data  provided  In  the  articles. 

Data  from  military  studies  on  recruits  generally  support  the  fact  that  body  weight 
and  BMI  are  increasing  overtime.  The  increase  in  recruit  BMI  from  1978  to  2003  (25 
year  period)  was  8%  for  men  and  5%  for  women.  Military  studies  suggest  that  the 
Increase  in  body  weight,  at  least  in  new  recruits,  appears  to  be  due  to  an  increase  in 
both  estimated  fat  and  estimated  fat-free  mass,  in  approximately  equal  proportions 
(125).  Some  caution  must  be  exercised  in  this  Interpretation.  This  finding  is  based  on  a 
single  study  and  the  data  in  both  years  was  estimated  from  skinfolds  for  which  there 
could  be  some  degree  of  error  (119).  However,  in  both  years  the  data  was  collected 
carefully  by  trained  individuals  In  a  research  environment  which  provides  some 
confidence  in  the  results. 

Body  weight  is  regulated  by  the  balance  between  energy  Intake  and  energy  output. 

If  food  intake  is  greater  than  activity  output,  body  weight  will  increase.  If  caloric  activity 
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output  is  greater  than  caloric  food  input,  body  weight  will  decrease.  The  increase  in 
youth  body  weight  and  BMI  has  been  ascribed  to  a  reduction  in  physical  activity  coupled 
with  an  increase  in  food  intake  (36,37,103,1 18).  There  is  no  firm  evidence  that  youth 
have  become  less  physically  active  as  indicated  by  the  YRBS  (Tables  15  and  16),  but 
this  survey  covers  a  period  only  from  1991  to  2001.  There  is  data  suggesting  that 
Americans  as  a  whole  have  become  somewhat  more  active  since  the  1 960s 
(19,21 ,60,84,127)  (See  Appendix  D).  However,  body  weight  could  still  increase  either  if 
fat-free  mass  increased  or  if  the  increase  in  activity  was  not  enough  to  offset  an 
increase  in  food  intake  resulting  in  accumulation  of  body  fat. 

Information  on  food  consumption  suggest  that  over  the  last  20  years  or  so,  caloric 
intake  has  increased,  different  types  of  foods  are  being  ingested,  and  places  of 
consumption  have  changed.  NHANES  collects  dietary  information  from  an  interview 
that  asks  about  food  and  beverages  consumed  in  the  past  24  hours.  NHANES  data 
(NHANES  I,  II,  III,  and  1999-2000)  indicated  that  from  1971  to  2000  the  average  energy 
intake  of  men  increased  7%  and  that  of  women  22%.  This  was  attributed  to  an  increase 
in  total  calories  from  carbohydrates  for  both  men  and  women.  With  regard  to  fat,  total 
intake  decreased  for  men  while  it  increased  for  women  (143).  However,  comparison  of 
total  energy  intake  trends  from  the  NHANES  data  suffers  from  several  serious 
methodological  problems.  These  include  the  fact  that  different  surveys  used  different 
methods  to  collect  dietary  information  and  derive  nutrient  estimates  (87,102).  In  fact, 
the  documented  increase  in  carbohydrates  occurred  between  NHANES  II  and  NHANES 
III  (143)  and  In  NHANES  III  a  different  nutrient  database  was  used  for  analysis  (87). 
Further,  underreporting  of  food  consumption  is  a  well  documented  phenomena  and  is 
more  common  in  overweight  individuals  (53,87).  Finally,  the  published  NHANES 
analyses  considers  the  entire  sample  (ages  20  years  and  up),  not  just  the  sample  of 
military  age  which  could  show  different  results. 

One  set  of  studies  (99,100,101)  examined  individuals  surveyed  on  food  intake  in 
1977  to  1978, 1989  to  1991,  and  1994  to  1998  (21  year  period).  These  studies  used  a 
single  nutrient  database  providing  more  comparability  across  surveys  than  the  NHANES 
studies.  The  survey  technique  differed  in  the  middle  year  survey  but  was  similar  in  the 
two  extreme  year  surveys.  These  studies  indicate  that  trends  in  food  intake  were 
almost  identical  for  youth  (12  to  18  year  olds),  young  adults  (19  to  29  year  olds),  and 
older  adults.  Estimated  total  energy  consumption  increased  10%  for  youth  and  20%  for 
young  adults  from  about  1977  to  about  1996.  For  both  youth  and  young  adults,  there 
has  been  a  reduction  in  the  proportion  of  calories  from  desserts,  milk,  milk  products, 
beef  and  pork.  There  has  been  an  increase  in  the  proportion  of  calories  from  soft 
drinks,  pizza,  candy,  fruit  drinks,  french  fries,  cheeseburgers,  and  Mexican  food.  Many 
more  calories  were  consumed  away  from  home  at  restaurants  and  fast  food 
establishments  in  1994  to  1998.  Portion  sizes  increased  in  8  out  of  9  key  foods  (e.g., 
salty  snacks,  soft  drinks,  hamburgers,  etc.)  both  at  home  and  at  fast  food 
establishments. 

Taking  a  different  and  more  global  approach,  Harnack  et  al.  (53)  examined  data  on 
food  availability  in  the  U.S.  as  an  adjunct  to  these  national  dietary  surveys.  Harnack 
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and  colleagues  showed  that  per  capita  daily  availability  of  food  was  13.8J  in  1970  and 
15.9J  iri  1994,  a  15%  increase.  The  greatest  per  capita  availability  increases  were  for 
carbohydrates  and  protein  resulting  in  a  decrease  in  energy  availability  from  fat  from 
42%  to  38%.  Twenty  percent  of  food  dollars  were  spent  away  from  the  home  In  1970 
and  38%  in  1 992.  It  was  estimated  that  restaurants  were  growing  at  a  rate  of  3%/yr 
while  fast  food  establishments  were  growing  about  7%/yr. 

Thus,  available  evidence  suggests  that  the  increase  In  BMI  and  body  weight  are 
due  primarily  to  an  increase  in  food  intake.  Physical  activity  appears  to  have  increased 
but  this  increase  has  apparently  not  been  enough  to  offset  the  Intake  of  food.  The 
increase  In  BMI  and  body  weight  must  be  of  concern  because  high  body  mass,  if  not 
offset  by  musde  mass,  is  associated  with  lower  physical  capacity  for  some  weight 
bearing  tasks  (136).  Further,  individuals  who  have  a  high  BM!  In  adolescence  tend  also 
to  have  high  BMI  as  adults  (47,82)  making  these  individuals  less  appropriate  for  military 
service  because  of  the  weight  for  height  requirements. 

e.  Improvements  in  Fitness  During  BCT 

Regardless  of  race  or  gender,  recruits  were  able  to  substantially  improve  their 
physical  fitness  as  measured  by  the  APFT  during  BCT.  The  Improvements  in  fitness 
followed  the  logarithmatic  pattern  typically  seen  in  many  physical  training  studies.  That 
is,  there  was  a  rapid  improvement  in  cardiorespiratory  endurance  and  muscular 
endurance  early  in  training  followed  by  less  Improvement  later  in  training.  For  men,  the 
absolute  improvements  during  7  weeks  of  BCT  resulted  in  an  average  increase  of  17 
PU,  20  SU  and  a  2.9  minute  decrease  in  2-mile  run  times.  For  women,  average 
improvement  were  17  PU,  26  SU  and  a  3.8  minute  decrease  in  average  2-mile  run  time. 
Since  men  and  women  train  together,  the  generally  greater  improvement  for  the  women 
is  presumably  due  to  the  greater  relative  training  stimulus. 

Early  Improvements  in  PU  and  SU  performance  are  probably  associated  with  a 
fuller  activation  of  the  muscles  Involved  In  the  task  and  a  more  effective  coordination  of 
motor  unit  firing  (94,123).  As  training  progresses,  an  increase  in  muscle  mass 
(hypertrophy)  may  provide  more  contractile  tissue  to  perform  PU  and  SU  (94,1 1 1) 
provided  a  portion  of  the  increased  muscle  mass  is  In  the  muscles  performing  the  PU 
and  SU  tasks.  Whole  body  fat-free  mass  has  been  shown  to  increase  during  BCT  in 
most  (79,124,129,141)  but  not  all  (124)  studies  (also  see  Table  27), 

Run  training,  and  even  walking  for  low-fit  recruits,  increases  cardiac  output  and  the 
extraction  of  oxygen  from  the  blood  (97)  both  of  which  are  probably  associated  with  the 
improvements  in  run  time  and  VOamax  seen  In  BCT.  As  noted  above,  fat-free  mass  has 
generally  been  shown  to  Increase  during  BCT  while  fat  mass  decreases  (Table  27, 
79,124,129,141).  The  decrease  in  fat  mass  may  assist  in  improving  running  speed  by 
reducing  non-oxidative  tissue  in  the  body  (28).  The  Increase  in  fat-free  mass  may 
provide  more  oxidative  tissue  for  the  run  assuming  some  of  the  increase  in  muscle 
mass  is  in  the  active  leg  muscles. 
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f.  Racial  Differences  in  Fitness  During  BCT 

There  were  some  racial  differences  in  fitness  score  improvements  as  can  be  seen 
in  Figures  29  to  34.  Where  racial  variation  occurred  it  was  due  to  an  initial  performance 
difference  (a  difference  on  Diagnostic  Test  1)  that  was  generally  maintained  throughout 
training  or  somewhat  reduced  during  training.  In  most  cases,  racial  differences  were 
relatively  small  and  not  of  much  practical  significance.  However,  there  were  3  racial 
differences  that  were  of  note. 

On  male  PU,  the  Other  racial  group  performed  5  more  PU  than  Whites  at  the  start 
of  training  and  6  more  PU  than  Whites  at  Week  7  of  training.  The  Other  racial  category 
is  vague  and  includes  such  subgroups  as  Hispanics,  Asians,  and  American  Indians. 

Few  studies  were  found  on  racial  difference  in  muscle  strength  or  muscular  endurance 
and  these  did  not  support  the  present  findings.  Two  studies  indicate  that  the  grip 
strength  of  Asian  men  tends  to  be  lower  than  that  of  White  men  (96,144).  Further 
efforts  need  to  be  directed  at  partitioning  the  Other  racial  category  into  appropriate 
subgroups  to  determine  which  racial  categories  may  be  displaying  higher  upper  body 
muscular  endurance  and  why. 

Blacks  performed  an  average  of  3  more  PU  and  2  more  SU  than  Whites  at  the 
start  of  training.  By  the  end  of  training  the  PU  difference  remained  while  Blacks 
performed  only  1  more  SU  than  Whites.  One  study  was  found  on  racial  differences 
between  Blacks  and  Whites  in  maximal  strength  and  power  during  sustained  leg 
contractions  and  this  study  did  not  support  our  finding  here.  Ama  et  al.  (6)  found  no 
Black/White  differences  in  maximal  strength  or  maximum  power  output.  However,  on 
total  leg  work  output,  racial  differences  became  progressively  larger  so  that  by  90 
seconds  of  leg  contractions  Whites  had  produced  more  total  work  than  Blacks. 

The  other  important  racial  difference  was  on  the  female  2-mile  run  where  Black 
women  ran  an  average  1 .2  minutes  slower  than  White  women  and  an  average  0.9 
minutes  slower  than  those  in  the  Other  racial  category.  Black  women-  progressively 
closed  this  time  gap  during  BCT  such  that  by  the  7*^  week  of  training  the  difference 
between  Black  and  White  women  was  only  0.7  minutes.  It  has  been  shown  in  the 
literature  that  Black  women  (ages  18  to  30  years).  Black  adolescents  (ages  11  to  16 
years)  and  Black  children  (ages  5  to  10  years)  have  lower  VOamax  than  their  White 
counterparts  (1 10,126,131 ,144).  We  confirmed  this  for  basic  trainees  by  examining 
previously  unpublished  data  from  another  study  (125)  which  is  shown  in  Table  46. 

Black  women  have  been  shown  to  have  greater  bone  mineral  density  than  White 
women  (33)  and  we  confirmed  this  for  basic  trainees  as  shown  in  Table  47  again  using 
unpublished  information  from  another  study  (125).  This  suggests  that  the  contribution 
of  bone  to  fat-free  mass  may  be  greater  in  Blacks  than  in  Whites  (104)  so  that  the  lower 
V02max  may  be  accounted  for  by  less  oxidative  muscle  tissue.  However,  one  study  of 
Black  girls  showed  that  the  V02max  differences  persisted  after  correction  for  soft  lean 
tissue  mass  (fat-free  mass  exclusive  of  bone),  leg  soft  lean  tissue  mass,  fat  mass,  and 
total  energy  expenditure  measured  from  doubly  labeled  water  (131).  Black  adolescents 
have  been  shown  to  have  lower  hemoglobin  levels  than  Whites  (1 10)  which  could 
account  for  some  of  the  difference  in  V02max  and  running  performance.  In  a 
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multivariate  analysis  greater  smoking  prevalence,  and  lower  lung  capacity  (forced 
expiratory  volume  in  1  second)  accounted  for  some  of  the  differences  between  Black 
and  White  women  (126).  Studies  of  Black  men  have  shown  that  they  have  a  lower 
proportion  of  Type  1  muscle  fibers  than  White  men;  if  Black  and  White  women  share 
this  discrepancy  this  could  limit  the  ability  to  perform  sustained  aerobic  activity  (5). 


Table  46.  Radaf  Differences  in  VOgmax  Among  Reoufts  (previously  unpubifstied  date  from  Reference  Number  125) 


Men 

Women 

N 

V02max  (ml/kg*mm)® 

N 

VOaFiiax  1 

106 

50.9±6.5 

78 

40.5±5.5 

Black 

38 

50.9±5.4 

50 

36.7±4.6'’ 

Other 

26 

48.5±5.7 

28 

41.2±4.0 

p-value^ 

0.20 

<0.01  1 

^MeantSD 

**Lower  than  White  and  Other  (p<0.01 ,  Tukey  Test)) 
^Difference  among  all  3  groups  (One-Way  ANOVA) 


Table  47.  Racial  Differences  in  Bone  Mineral  Density  (BMD)  Among  Recruite  (previously  unpublished  data  from  Reference  Number 
125) _ _ _ _ _ 


Men 

Women 

N 

BMD 

N 

BMD 

White 

112 

1.271d^).087 

81 

1.178±0.085 

Blad< 

42 

1.348±0.113° 

57 

i.249±0.075° 

OOier 

26 

1.258«.097 

30 

1.18610.071 

p-value*^ 

<0.01 

<0.01 

®Mean±SD 

‘^Higher  ttian  White  and  Other  (p<0.01 ,  Tukey  Test)) 
^Difference  among  all  3  groups  (One-Way  ANOVA) 


Black  women  made  up  6.1  %  of  the  total  active  duty  Army  force  in  2003  (90).  At 
first  glance,  the  lower  initial  aerobic  capacity  of  Black  women  appears  to  be  a  matter  of 
some  concern.  It  Is  known  that  recmits  with  slower  run  times  at  the  start  of  BCT  are 
more  likely  to  be  injured  during  training  and  are  more  likely  to  attrite  from  training 
(63,70,78).  However,  Black  women  show  lower  overall  attrition  than  White  women  both 
in  BCT  and  in  the  first  term  of  service  (68).  In  our  analysis.  Black  women  show  more 
rapid  Improvement  in  cardiorespiratory  endurance  during  BCT  compared  to  White  and 
Other  women.  It  would  be  of  interest  to  track  fitness  differences  beyond  BCT  to  see  if 
the  fitness  gap  is  further  reduced.  The  rapid  improvement  in  fitness  during  BCT  may 
assist  Black  women  in  overcoming  factors  related  to  attrition  and  may  reflect  a  higher 
level  of  motivation  toward  training. 

9.  SUMMARY  AND  CONCLUSIONS. 

a.  Physical  Fitness  Trends 

Most  physical  fitness  trends  involving  cardiorespiratory  endurance,  muscle 
strength,  muscular  endurance,  body  weight,  and  BMI  can  be  modeled  using  linear 
regression.  From  a  mathematical  point  of  view  there  is  little  reason  to  think  these  trends 
will  not  continue  into  the  future.  However,  actions  taken  at  the  national  level  and 
supported  by  data  on  youth  physical  activity  from  the  YRBS  may  suggest  factors  that 
may  moderate  some  of  these  linear  trends.  The  1996  U.S.  Surgeon  General’s  report  on 
physical  activity  (24)  highlighted  the  fact  that  many  youth,  young  adults  and  adults  were 
not  getting  recommended  amounts  of  physical  activity  and  that  enrollment  in  high 


60 


USACHPPM  Report  No.  12-HF-01Q9B-04 


school  physical  education  classes  had  been  declining.  Increased  youth  physical  activity 
was  seen  shortly  after  the  publication  of  this  report  and  the  attention  it  generated. 

There  was  a  reversal  of  the  downward  trend  in  the  number  of  days  performing  vigorous 
physical  activity  reported  by  high  school  students  and  graders  (Tables  15  through 
1 8).  There  was  a  reversal  of  the  downward  trend  in  the  number  of  days  attending 
physical  education  classes  reported  by  all  high  school  students  and  12*^  grade  boys 
(Tables  15  through  17).  There  was  an  increase  in  the  number  of  days  performing 
strengthening  exercises  reported  by  12"^  graders  and  all  high  school  students  (Tables 
15  through  18). 

Available  evidence  suggests  that  there  has  been  little  change  since  1930  in  the 
VOamax  of  male  youth  and  no  change  since  1975  in  the  V02max  of  male  recruits. 
Female  youth  and  recruit  V02max  appears  to  have  increased  in  similar  time  periods. 
Contrary  to  these  data  there  has  been  a  decline  in  endurance  run  times  of  youths  and 
recruits.  Since  male  V02max  has  not  changed  males  and  female  V02max  may  have 
improved  slightly  it  may  be  that  youth  and  recruits  are  not  as  proficient  at  applying  their 
physiological  capability  to  performance  tasks  like  runs  for  time.  This  could  be  because 
of  factors  such  as  reduced  experience  with  running,  motivation,  and/or  environmental 
factors.  Running  economy  (energy  used  per  unit  of  distance  run)  could  also  have 
declined  due  to  decreased  experience  with  running.  It  cannot  be  said  with  certainty  if 
the  decline  in  running  performance  will  continue.  One  positive  finding  in  this  respect  is 
the  reversal  in  the  decline  in  the  number  of  days  that  youth  are  performing  vigorous 
physical  activity  since  1 997. 

Muscle  strength  has  apparently  increased  among  recruits  and  this  increase  in 
strength  is  congruent  with  an  increase  in  fat-free  mass  and  an  increase  in  self-reported 
strength  training  among  youth.  Muscle  strength  may  continue  to  increase  if  fat-free 
mass  continues  to  increase  or  if  a  greater  proportion  of  youth  perform  strength  training. 

Data  on  muscular  endurance  is  conflicting  and  secular  trends  cannot  be  easily 
determined  with  available  data.  Between  1965  and  1989  there  was  an  apparent 
increase  in  the  muscular  endurance  of  youth.  From  1984  to  2003,  there  was  a  small 
improvement  in  the  PU  performance  of  men  but  a  decline  in  the  performance  of  SU. 

For  women  there  was  virtually  no  change  in  performance  on  PU  or  SU  during  the  same 
time. 


The  most  consistently  demonstrated  fitness  trend  is  an  increase  in  body  weight 
and  BMI  of  youth,  young  adults  and  recruits  since  the  1980s.  For  youth  and  young 
adults  the  increase  in  BMI  is  caused  largely  by  an  increase  in  the  BMI  of  the  most 
obese  and  overweight,  although  all  BMI  levels  appear  to  be  increasing.  Limited  data  on 
recruits  suggests  that  the  increase  in  body  weight  is  due  to  an  increase  in  both 
estimated  fat  and  estimated  fat-free  mass,  about  in  equal  proportions.  Available 
evidence  suggests  that  the  increase  in  BMI  and  body  weight  are  due  primarily  to  an 
increase  in  food  intake.  Overall  physical  activity  appears  to  have  increased  somewhat 
but  this  increase  has  apparently  not  been  enough  to  offset  the  intake  of  food.  In  2001 , 
the  U.S.  Surgeon  General  highlighted  the  trend  in  overweight  and  obesity  in  the 
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publication  of  a  report  (134)  and  associated  media  attention  (15,17,1 15).  This  report 
called  for  the  recognition  of  overweight  and  obesity  as  a  major  health  problem  and 
proposed  strategies  for  developing  a  public  health  response  in  families,  schools,  health 
care,  the  media,  and  worksites.  Whether  or  not  this  will  influence  the  trend  in 
overweight  and  obesity  is  not  known  at  this  point.  Data  from  NHANES  and  BRFFS 
studies  can  be  used  to  track  these  future  trends. 

b.  Physical  Fitness  Changes  During  BCT 

For  men,  the  absolute  Improvements  during  BCT  resulted  in  an  average  increase 
of  17  PU,  20  SU  and  a  2.9  minute  decrease  in  2-mile  run  times.  For  women,  average 
Improvements  were  17  PU,  26  SU  and  a  3.8  minute  decrease  in  average  2-miie  run 
time.  Since  men  and  women  train  together,  the  generally  greater  improvement  for  the 
women  is  presumably  due  to  the  greater  relative  training  stimulus. 

Whites  performed  fewer  PU  than  Blacks  and  those  of  Other  Races  and  Whites 
performed  fewer  SU  than  Blacks.  These  differences  were  seen  at  the  start  of  training 
and  were  generally  maintained  throughout  training.  Reasons  for  these  differences  are 
not  clear.  On  the  2-mile  run  test  at  the  start  of  BCT,  female  Black  recruits  ran 
considerably  slower  than  female  White  recruits.  Previous  literature  indicates  that  Black 
women  have  a  lower  V02max,  lower  hemoglobin  levels,  greater  smoking  prevalence, 
and  lower  lung  capacity  which  may  account  for  at  least  a  portion  of  this  difference. 

Black  women  more  rapidly  improve  their  run  times  in  BCT  compared  to  their  White 
counterparts  and  have  lower  overall  attrition  than  White  women.  Examination  of  fitness 
changes  beyond  BCT  would  be  useful. 

10.  RECOMMENDATION. 

This  review  has  revealed  that  except  for  body  weight  and  BMI,  there  Is  a  paucity  of 
information  on  secular  changes  in  the  physical  fitness  of  youth,  young  adults  and  new 
Army  recruits.  Although  prevalence  data  exists  on  Army  recruits  these  data  have  still 
been  collected  in  a  spotty  and  opportunistic  manner.  Surveillance  systems  are  needed 
to  systematically  track  the  changes  in  fitness  over  time.  The  usefulness  of  regular, 
systematic  surveillance  of  fitness  components  is  illustrated  by  the  body  weight  and  BMI 
data  tracked  by  NHES/NHANES.  These  surveys  identified  the  increase  in  body  weight 
and  BMI  that  began  in  the  1980s  and  systematically  tracked  Increases  into  2003. 
Extensive  parts  of  this  paper  are  dedicated  to  the  topic  of  body  weight  and  BMI  because 
of  the  studies  and  data  that  the  NHES/NHANES  and  the  BRFSS  data  made  possible. 
The  YRBS  allowed  tracking  of  physical  activity  but  it  has  only  been  in  place  for  a  short 
period  of  time. 

To  determine  fitness  trends  in  the  Army,  the  leadership  needs  to  take  action  to 
develop  an  Army-wide  surveillance  system  tracking  body  weight,  height  and  physical 
fitness.  The  APFT  is  given  on  a  regular  basis  in  BCT  and  AIT  units  and  twice  a  year  In 
operational  Army  units.  Databases  already  exist  on  many  company  and  battalion-level 
computers  systems  that  allow  tracking  individual  soldier  height,  weight,  PU  score,  SU 
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score,  and  run  score.  A  surveillance  system  would  only  involve  standardizing  these 
databases.  Standardization  should  be  done  in  a  user  friendly  way  so  individual  units 
can  enter  and  obtain  the  information  they  need  (e.g.,  who  is  overweight,  who  failed  the 
APFT,  who  scored  higher  on  the  APFT)  while  the  data  enters  a  broader  surveillance 
system.  The  broader  surveillance  system  would  allow  systematic  tracking  over  time  of 
BMI,  cardiorespiratory  endurance  and  muscular  endurance.  There  have  been  episodic 
movements  to  make  the  physical  fitness  test  more  combat  and  MOS  relevant  but  we 
recommend  keeping  a  core  set  of  test  measurements  (PU,  SU,  2-mile  run,  height, 
weight).  In  this  way  periodic  assessments  and  historical  comparisons  can  be  made. 


63 


USACHPPM  Report  No.  12-HF-01Q9B-04 


Appendix  A 
References 

1.  President's  Council  on  Physical  Fitness  and  Sports,  Physical  Fitness  Research 
Digest  1:1-3. 1971. 

2.  Acosta  RV  and  Carpenter  LJ.  Women  in  intercollegiate  sport.  New  York  NY: 

Brooklyn  College,  Department  of  Physical  Education.  Report  No.  Unknown,  1997. 

3.  American  College  of  Sports  Medicine.  Opinion  statement  on  physical  fitness  in 
children  and  youth.  Med  Sci  Sports  Exerc  20:422-433. 1988. 

4.  Adame  DD,  Johnson  TC,  Nowicki  S,  Cole  SP  and  Matthiasson  H.  Physical  fitness 
and  self-reported  physical  exercise  among  college  men  and  women  in  1987  and  1997. 
Perc  Mot  Skills  93:559-566.  2001. 

5.  Ama  PF,  Simoneau  JA,  Boulay  MR,  Serresse  O,  Theriault  G  and  Bouchard  C. 
Skeletal  muscle  characteristics  in  sendentary  Black  and  Caucasian  males.  J  AppI 
Physiol  61:1758-1761.  1986. 

6.  Ama  PFM,  LaGassr  P,  Bouchard  C  and  Simoneau  JA.  Anaerobic  performance  in 
Black  and  White  subjects.  Med  Sci  Sports  Exerc  22:508-51 1. 1990. 

7.  The  Army  Weight  Control  Program.  Washington  DC:  US  Department  of  the  Army. 
Army  Regulation  No.  600-9, 1 987. 

8.  Physical  Fitness  Training.  Washington  DC:  Headquarters,  Department  of  the  Army, 
1985. 

9.  Physical  Readiness  Training.  Washington  DC:  Headquarters,  Department  of  the 
Army,  1973. 

10.  Physical  Readiness  Training.  Washington  DC:  Headquarters,  Department  of  the 
Army,  1980. 

1 1 .  Standards  of  Medica!  Fitness.  Washington  DC:  Department  of  the  Army.  Army 
Regulation  No.  40-501 , 2003. 

12.  Bassett  DR  and  Howley  ET.  Limiting  factors  for  maximal  oxygen  uptake  and 
determinates  of  endurance  performance.  Med  Sci  Sports  Exerc  32:70-84.  2000. 

13.  Baumgartner  TA  and  Zuidemia  MA.  Factor  analysis  of  physical  fitness  tests.  Res 
Quart  43:443-450.  1972. 

14.  Bell  NS,  Mangione  TW,  Hemenway  D,  Amoroso  PJ  and  Jones  BH.  High  injury  rates 
among  female  Army  trainees.  A  function  of  gender?  Am  J  Prev  Med  18(Suppl.  3):141- 
146.  2000. 

1 5.  Bluh  RK.  Kid's  mother  says:  'don't  worry,  it's  only  baby  fat'.  South  Miami: 

Community  Newspapers,  2002. 

16.  Bouchard  C,  Shephard  RJ,  Stephens  T,  Sutton  JR  and  McPherson  BD,  in  Exercise 
Fitness  and  Health.  A  consensus  of  current  knowledge,  edited  by  Bouchard  C, 
Shephard  RJ,  Stephens  T,  Sutton  JR,  and  McPherson  BD  (Human  Kinetics,  Champaign 
IL,  1990). 

17.  Bowman  L,  in  The  Cincinnati  Post  Cincinnati  OH,  28  June  2002. 

18.  Bowman  T,  in  The  Sun,  Baltimore  MD,  1997). 

19.  Brooks  C.  Adult  physical  activity  behavior:  a  trend  analysis.  Clin  J  Epidemiol 
41:385-392.  1988. 


A-1 


USACHPPM  Report  No.  12-HF-01Q9B-04 


20.  Canham  ML,  McFerren  MA  and  Jones  BH,  The  association  of  injuries  with  physical 

fitness  among  men  and  women  in  gender  integrated  basic  combat  training  units.  MSMR 

2:8-9,10. 1996. 

21.  Caspersen  CJ  and  Memtt  RM.  Physical  activity  trends  among  26  states  1986-1990. 
Med  Sci  Sports  Exerc  27:713-720.  1995. 

22.  Caspersen  CJ,  Powell  KE  and  Christenson  GM.  Physical  activity,  exercise  and 
physical  fitness:  definitions,  and  distinctions  for  health-related  research.  Pub  Health  Rep 

100:126-131.  1985. 

23.  Centers  for  Disease  Control  and  Prevention.  Chartbook  on  Trends  in  the  Health  of 

America.  2003. 

24.  Centers  for  Disease  Control  and  Prevention.  Physical  Activity  and  Health. 
Washington  D.C.:  U.S.  Department  of  Health  and  Human  Services.  No.  1996. 

25.  Corbin  CB,  Dowell  LJ,  Lindsey  R  and  Tolson  H.  Concepts  in  Physical  Education. 
Dubuque,  lA:  W.C.  Brown  Company,  1983. 

26.  Corbin  CB  and  Rangrazi  RP.  Are  American  children  and  youth  fit?  Res  Q  Exerc 
Sport  63:96-106.  1992. 

27.  Cowan  D,  Jones  BH,  Tomlinson  JP,  Robinson  J,  Polly  D,  Frykman  P  and  Reynolds 
K.  The  epidemiology  of  physical  training  injuries  in  the  U.S.  Army  infantry  trainees: 
methodology,  population  and  risk  factors.  United  States  Army  Research  Institute  of 
Environmental  Medicine,  Natick  MA.  Technical  Report  No.  T4/89, 1988. 

28.  Cureton  KJ,  in  Body  Composition  and  Physical  Performance.  Applications  for 
Military  Services,  edited  by  Marriott  BM  and  Grumstrup-Scott  J  (National  Academy 
Press,  Washington,  D.C.,  1992). 

29.  Department  of  Health  and  Human  Services.  Healthy  People  2010.  Washington  DC: 
US  Departmement  of  Health  and  Human  Services.  No.  2000. 

30.  Defense  Market  Research.  June  2003  Youth  Poll  5:  An  estimate  of  the  enlisted 
supply.  Washington  DC:  Defense  Market  Research  Executive  Notes.  Executive  Note 
No.  16,  December  2003. 

31 .  Dumin  JV  and  Womersley  J.  Body  fat  assessed  from  total  body  density  and  its 
estimate  from  skinfold  thickness:  measurements  on  481  men  and  women  aged  16  to  72 
years.  Br  J  Nutr  32:77-97.  1974. 

32.  Eisenmann  JC  and  Malina  RM.  Secular  trends  in  peak  oxygen  concumption  among 
United  States  Youth  In  the  20th  Century.  Am  J  Human  Biol  14:699-706. 2002. 

33.  Ettinger  B,  Sidney  S,  Cummings  SR,  Libanati  C,  Bikle  DD,  Tekawa  IS,  Tolan  K  and 
Steiger  P.  Racial  differences  in  bone  density  between  young  adult  Black  and  White 
subjects  persists  after  adjustment  for  anthropometric,  lifestyle,  and  biochemical 
differences.  J  Clin  Endocrinol  Metabol  82:429-434.  1997. 

34.  Fitzgerald  PI,  Vogel  JA,  Daniels  WL,  Dziados  JE,  Teves  MA,  Mello  RP  and  Reich 
PJ.  The  body  composition  project:  a  summary  report  and  descriptive  data.  Natick  MA: 
U.S.  Army  Research  Institute  of  Environmental  Medicine.  Technical  Report  No.  No. 
T5/87,  1986. 

35.  Fleck  SJ  and  Kraemer  WJ.  Designing  Resistance  Training  Programs.  Champaign 
IL:  Human  Kinetic  Publishers,  1987. 

36.  Flegal  KM,  Carroll  MD,  Kuczmarski  RJ  and  Johnson  CL.  Overweight  and  obesity  in 

the  United  States:  prevalence  and  trends,  1960-1994.  Int  J  Obesity  22:39-47. 1998. 


USACHPPM  Report  No.  12-HF-01Q9B-04 


37.  Flegal  KM,  Carroll  MD,  Ogden  CL  and  Johnson  CL.  Prevalence  and  trends  in 
obesity  among  US  adults,  1999-2000.  JAMA  288:1723-1727.  2002. 

38.  Flegal  KM  and  Troiano  RP.  Changes  in  the  distrubution  of  body  mass  index  of 
adults  and  children  in  the  US  population.  Int  J  Obesity  24:807-818.  2000. 

39.  Fleishman  EA.  Relating  individual  differences  to  the  dimensions  of  human  tasks. 
Ergonomics  21:1007-1019. 1978. 

40.  Fleishman  EA.  The  Structure  and  Measurement  of  Physical  Fitness.  Englewood 
Cliffs,  NJ:  Prentice-Hall,  Inc.,  1964. 

41.  Fleishman  EA  and  Quaintance  MK.  Taxonomies  of  Human  Performance.  New 
York:  Academic  Press  Inc.,  1984. 

42.  FrIedI  KE,  in  Body  Composition  and  Military  Performance,  edited  by  Marriott  BM 
and  Grumstrup-Scott  J  (National  Academy  Press,  Washington,  DC,  1992),  p.  31-55. 

43.  Gibson  ASC,  Broomhead  S,  Lambert  Ml  and  Hawley  JA.  Prediction  of  maximal 
oxygen  uptake  from  a  20-m  shuttle  run  as  measured  directly  in  runners  and  squash 
players.  J  Sports  Sci  12:331-335. 1998. 

44.  Gollnick  PD  and  Hermansen  L,  in  Exerc  Sports  Sci  Rev,  Voi.  1,  edited  by  Wilmore 
JH  (Academic  Press,  New  York,  1973),  p.  1-43. 

45.  Gortmaker  SL,  Dietz  WH,  Sobol  AM  and  Wehler  CA.  Increasing  pediatric  obesity  in 
the  United  States.  Am  J  Dis  Child  141:535-540.  1987. 

46.  Grant  S,  Cobett  K,  Amjad  AM,  Wilson  J  and  Aitchison  T.  A  comparison  of  methods 
of  predicting  maximum  oxygen  uptake.  Br  J  Sports  Med  29:147-152. 1995. 

47.  Guo  SS,  Roche  AF,  Chumlea  WC,  Gardner  JD  and  Siervogel  RM.  The  predictive 
value  of  childhood  body  mass  index  values  for  overweight  at  age  35  y.  Am  J  Clin  Nutr 
59:810-819.  1994. 

48.  Gutin  B.  A  model  of  physical  fitness  and  dynamic  health.  J  Phy  Ed  Recreation 
51:48-51. 1980. 

49.  Ham  SA,  Yore  MM,  Fulton  JE  and  Kohl  HW.  Prevalence  of  no  leisure-time  physical 
activity~35  states  and  the  District  of  Columbia,  1988-2002.  MMWR  53:82-86.  2004. 

50.  Harlan  WR,  Landis  JR,  Flegal  KM,  Davis  CS  and  Miller  ME.  Secular  changes  in 
body  mass  in  the  United  States  1960-1980.  Am  J  Epidemiol  128:1065-1074.  1988. 

51 .  Harman  E,  Frykman  P  and  Kraemer  W.  Maximal  cycling  force  and  power  at  40  and 
100  RPM.  Nat  Strength  Cond  Ass  J  8:71.  1986. 

52.  Harman  EA  and  Frykman  PN,  in  Body  Composition  and  Physical  Performance, 
edited  by  Marriott  BM  and  Grumstrup-Scott  J  (National  Academy  Press,  Washington 
DC,  1992),  p.  105-118. 

53.  Hamack  LJ,  R.W.Jeffery  and  Boutelle  KN.  Temporal  trends  in  energy  intake  in  the 
United  States:  an  ecological  perspective.  Am  J  Clin  Nutr  71:1478-1484.  2000. 

54.  Hogan  J.  The  structure  of  physical  performance  in  occupational  tasks.  J  AppI 
Psychol  76:495-507.  1991. 

55.  Holloszy  JO,  in  Exerc  Sports  Sci  Rev,  Voi.  1,  edited  by  Wilmore  JH  (Academic 
Press,  New  York,  1973),  p.  45-71. 

56.  Hopkins  WG  and  Walker  NP.  The  meaning  of  "physical  fitness".  Prev  Med  17:764- 
773.  1988. 

57.  Hunsicker  P  and  Reiff  G.  Youth  fitness  report  1958-1965-1975.  J  Phy  Ed 
Recreation  48:31-33.  1977. 


USACHPPM  Report  No.  12-HF-01Q9B-04 


58.  Ikai  M  and  Fukunaga  T.  Calculation  of  muscle  strength  per  unit  of  cross-sectional 

area  of  human  muscle  by  means  of  ultrasounic  measurement.  Int  Z  Angew  Einschl 

Arbeitsphysiol  26:26-32. 1968. 

59.  Ikai  M  and  Fukungaga  T.  A  study  on  training  effect  on  strength  per  unit  cross- 
sectional  area  of  muscle  by  means  of  ultrasonic  measurement.  Int  Z  Angew  Einschl 
Arbeitsphysiol  28:173-180. 1970. 

60.  Jacobs  ER,  Hahn  LP,  Folsom  AR,  Hannan  PJ,  Sprafka  M  and  Burke  GL.  Time 
trends  in  leisure-time  physical  activity  in  the  Upper  Midwest  1957-1987:  University  of 
Minnesota  studies.  Epidemiology  2:8-15. 1991. 

61 .  Jones  BH,  Bovee  MW  and  Knapik  JJ,  in  Body  Composition  and  Physical 

Performance,  edited  by  Marriott  BM  and  Grumstrup-Scott  J  (National  Academy  Press, 
Washington,  D.C.,  1992),  p.  141-173. 

62.  Jones  BH,  Cowan  DN,  Tomlinson  JP,  Robinson  JR,  Polly  DW  and  Frykman  PN. 
Epidemiology  of  injuries  associated  with  physical  training  among  young  men  in  the 
Army.  Med  Sci  Sports  Exerc  25:197-203. 1993. 

63.  Jones  BH  and  Knapik  JJ.  Physical  training  and  exercise-related  Injuries. 

Surveillance,  research  and  injury  prevention  in  military  populations.  Sports  Med  27:1 11- 

125. 1999. 

64.  Katch  FI  and  McArdle  WD.  Prediction  of  body  density  from  simple  anthropometric 
measurements  in  college-age  men  and  women.  Hum  Biol  45:445-454.  1 973. 

65.  Keys  A,  Findanza  F,  M.J.Karvonen,  Kimura  N  and  Taylor  HL.  Indices  of  relative 
weight  and  obesity.  J  Chron  Dis  25:329-343. 1972. 

66.  Kitagawa  K  and  Miyashita  M.  Muscle  strengths  in  relation  to  fat  storage  rate  in 
young  men.  Eur  J  AppI  Physiol  38:189-196, 1978. 

67.  Knapik  JJ.  The  Army  Physical  Fitness  Test  (APFT):  a  review  of  the  literature.  Mil 

Med  154:326-329.  1989. 

68.  Knapik  JJ.  A  review  of  the  literature  on  attrition  from  the  military  services:  risk 
factors  and  Interventions  to  reduce  attrition.  Aberdeen  Proving  Ground:  US  Army  Center 
for  Health  Promotion  and  Preventive  Medicine.  Technical  Report  No.  12-HF-01Q9A-04, 
2004. 

69.  Knapik  JJ,  Burse  RL  and  Vogel  JA.  Height,  weight,  percent  body  fat  and  indices  of 
adiposity  for  young  men  and  women  entering  the  U.S.  Army.  Aviat  Space  Environ  Med 
54:223-231.  1983. 

70.  Knapik  JJ,  Canham-Chervak  M,  Hauret  K,  Hoedebecke  E,  Laurin  MJ  and  Cuthie  J. 

Discharges  during  US  Army  Basic  Combat  Training:  injury  rates  and  risk  factors.  Mil 

Med  166:641-647.2001. 

71.  Knapik  JJ,  Canham-Chervak  M,  Hauret  K,  Laurin  MJ,  Hoedebecke  E,  Craig  S  and 
Montain  S.  Seasonal  variations  in  injury  rates  during  US  Army  Basic  Combat  Training. 
Ann  Occ  Hygiene  46:15-23.  2002. 

72.  Knapik  JJ,  Cuthie  J,  Canham  M,  Hewitson  W,  Laurin  MJ,  Nee  MA,  Hoedebecke  E, 
Hauret  K,  Carroll  D  and  Jones  BH.  Injury  incidence,  injury  risk  factors,  and  physical 
fitness  of  U.S.  Army  basic  trainees  at  Ft  Jackson  SC,  1997.  Aberdeen  Proving  Ground, 
MD:  U.S.  Army  Center  for  Health  Promotion  and  Preventive  Medicine.  Epidemiological 
Consultation  Report  No.  29-HE-7513-98, 1998. 

73.  Knapik  JJ,  Darakjy  S,  Scott  S,  Hauret  KG,  Canada  S,  Marin  R,  Palkoska  F, 

VanCamp  S,  Piskator  E,  Rieger  W  and  Jones  BH.  Evaluation  of  two  Army  fitness 


USACHPPM  Report  No.  12-HF-01Q9B-04 


programs:  the  TRADOC  Standardized  Physical  Training  Program  for  Basic  Combat 
Training  and  the  Fitness  Assessment  Program.  Aberdeen  Proving  Ground,  MD:  US 
Army  Center  for  Health  Promotion  and  Preventive  Medicine.  Technical  Report  No.  12- 
HF-5772B-04,  2004. 

74.  Knapik  JJ,  Hauret  K,  Bednarek  JM,  Arnold  S,  Canham-Chervak  M,  Mansfield  A, 
Hoedebecke  E,  Mancuso  J,  Barker  TL,  Duplessis  D,  Heckel  H,  Peterson  J  and  the  2001 
Staff  of  the  Army  Physical  Fitness  School .  The  Victory  Fitness  Program.  Influence  of 
the  US  Army’s  emerging  physical  fitness  doctrine  on  fitness  and  injuries  in  Basic 
Combat  Training.  Aberdeen  Proving  Ground,  MD:  US  Army  Center  for  Health  Promotion 
and  Preventive  Medicine.  Epidemiological  Consultation  Report  No.  12-MA-5762-01, 
2001. 

75.  Knapik  JJ,  Meredith  C,  Jones  B,  Fielding  R,  Young  V  and  Evans  W.  Leucine 
metabolism  during  fasting  and  exercise.  J  AppI  Physiol  70:43-47. 1991. 

76.  Knapik  JJ,  Scott  SJ,  Sharp  MA,  Hauret  KG,  Darakjy  S,  Rieger  WR,  Plakoska  FA, 
VanCamp  SE  and  Jones  BH.  Guidance  for  ability  group  run  speeds  and  distances  in 
Basic  Combat  Training.  Aberdeen  Proving  Ground  MD:  US  Army  Center  for  Health 
Promotion  and  Preventive  Medicine.  Technical  Report  No.  12-HF-5772a-03,  2003. 

77.  Knapik  JJ,  Sharp  MA,  Canham  ML,  Hauret  K,  Cuthie  J,  Hewitson  W,  Hoedebecke 
E,  Laurin  MJ,  Polyak  C,  Carroll  D  and  Jones  B.  Injury  incidence  and  injury  risk  factors 
among  US  Army  Basic  Trainees  at  Ft  Jackson,  SC  (including  fitness  training  unit 
personnel,  discharges,  and  newstarts).  Aberdeen  Proving  Ground  MD:  US  Army  Center 
for  Health  Promotion  and  Preventive  Medicine.  Epidemiological  Consultation  Report  No. 
29-HE-8370-99,  1999. 

78.  Knapik  JJ,  Sharp  MA,  Canham-Chervak  M,  Hauret  K,  Patton  JF  and  Jones  BH. 

Risk  factors  for  training-related  injuries  among  men  and  women  in  Basic  Combat 
Training.  Med  Sci  Sports  Exerc  33:946-954.  2001. 

79.  Knapik  JJ,  Wright  J,  Kowai  D  and  Vogel  JA.  The  influence  of  U.S.  Army  Basic  Initial 
Entry  Training  on  the  muscular  strength  of  men  and  women.  Aviation  Space  and 
Environmental  Medicine  51:1086-1090.  1980. 

80.  Knapik  JJ,  Wright  JE  and  Vogel  JA.  Measurement  of  isometric  strength  in  an 
upright  pull  of  38  cm.  Natick,  MA:  U.S.  Army  Research  Institute  of  Environmental 
Medicine.  Technical  Report  No.  T3/81, 1981. 

81 .  Kuntzleman  CT  and  Reiff  GG.  The  decline  in  American  children's  fitness  levels. 

Res  Q  Exerc  Sport  63:107-111.  1992. 

82.  Kvaavik  E,  Tell  GS  and  Klepp  Kl.  Predictors  and  tracking  of  body  mass  index  from 
adolescence  into  adulthood.  Arch  Pediatr  Adolesc  Med  157:1212-1218.  2003. 

83.  Kyle  UG,  Genton  L  and  Pichard  C.  Body  composition:  what's  new?  Curr  Opin  Clin 
Nutr  Metab  Care  5:427-433.  2002. 

84.  Lee  IM,  Paffenbarger  RS  and  Hsieh  CC.  Time  trends  in  physical  activity  among 
college  alumni.  Am  J  Epidemiol  135:915-925. 1992. 

85.  Leger  L  and  Gadoury  C.  Validity  of  the  20  m  shuttle  run  with  i  min  stages  to  predict 
V02max  in  adults.  Can  J  Sports  Sci  14:21-26. 1989. 

86.  Leger  LA  and  Lambert  J.  A  maximal  multistage  20-m  shuttle  run  test  to  predict 
V02max.  Eur  J  AppI  Physiol  49:1-12. 1982. 


USACHPPM  Report  No.  12-HF-01Q9B-04 


87.  Lenfant  C.  Dally  dietary  fat  and  total  food-energy  intakes  -  third  National  Health 
and  Nutrition  Examination  Survey,  Phase  1, 1988-91.  MMWR  43:1 16-1 17, 123-125. 
1994. 

88.  Lohman  TG,  In  Human  Body  Composition,  edited  by  Roche  AF,  Heymsfield  SB, 
and  Lohman  TG  (Human  Kinetics,  Champaign,  IL,  1996). 

89.  Maughan  RJ,  Watson  JS  and  Weir  J.  Strength  and  cross-sectional  area  of  human 

skeletal  muscle.  J  Physiol  1983:37-49.  1983. 

90.  Maxfield  BD.  Army  demographics.  Washington  DC:  Headquarters,  Department  of 
the  Army,  Deputy  Chief  of  Staff  of  Personnel,  G-1,  2004. 

91.  McArdle  WD,  Katch  FI  and  Katch  VL.  Exercise  Physiology:  Energy,  Nutrition  and 
Human  Performance.  Philadelphia:  Lea  &  Febiger,  1991. 

92.  McCook  A,  in  Reuters  Health  Information  (New  York,  New  York,  2002). 

93.  McNaughton  L,  Hall  P  and  Cooley  D.  Validation  of  several  methods  of  estimating 
maximal  oxygen  uptake  in  young  men.  Perc  Mot  Skills  87:575-584. 1998. 

94.  Moritani  T  and  deVries  HA.  Neural  factors  versus  hypertrophy  in  the  time  course  of 
muscle  strength  gain.  Am  J  Phy  Med  58:115-130. 1979. 

95.  Myers  DC,  Gebhardt  DL,  Crump  CE  and  Fleishman  EA.  The  dimensions  of  human 
physical  perfoimance:  factor  analysis  of  strength,  stamina,  flexibility,  and  body 
composition  measures.  Human  Perf  6:309-344. 1993. 

96.  NakanishI  Y  and  Nethery  V.  Physiological  and  fitness  comparison  between  young 
Japanese  and  American  males.  AppI  Human  Sci  17:189-193. 1998. 

97.  Neufer  PD.  The  effects  of  detraining  and  reduced  training  on  the  physiological 
adaptations  to  aerobic  exercise  training.  Sports  Med  8:302-321. 1989. 

98.  Niedhammer  I,  Bugel  I,  Bonenfant  S,  Goldberg  M  and  Leclere  A.  Validity  of  self- 
reported  weight  and  height  in  the  French  GAZEL  cohort.  Int  J  Obesity  24:1 111-1118. 
2000. 

99.  Nielsen  SJ  and  Popkin  BM.  Patterns  and  trends  in  food  portion  sizes  1977-1998, 
JAMA  289:450-453.  2003. 

100.  Nielsen  SJ,  Slega-RIz  SM  and  Popkin  BM.  Trends  in  food  locations  and  sources 
among  adolescents  and  young  adults.  Prev  Med  35:107-1 13.  2002. 

101.  Nielsen  SJ,  Siegr-Riz  AM  and  Popkin  BM.  Trends  in  energy  intake  in  U.S. 
between  1977  and  1996:  similar  shifts  seen  across  age  groups.  Obes  Res  10:370-378. 
2002. 

102.  Norris  J,  Harnack  L,  Carmichael  S,  Pouane  T,  Wakimoto  P  and  Block  G.  US 
trends  in  nutrient  intake:  the  1987  and  1992  National  Health  Surveys.  Am  J  Pub  Health 
87:740-746. 1997. 

103.  Ogden  CL,  Flegal  KM,  Carroll  MD  and  Johnson  CL.  Prevalence  and  trends  in 

overweight  among  US  children  and  adolescents,  1999-2000.  JAMA  288:1728-1732. 
2002. 

104.  Ortiz  O,  Russell  M,  Daley  TL,  Baumgartner  RN,  Waki  M,  Lichtman  S,  Wang  J, 
Pierson  RN  and  Heymsfield  SB.  Differences  in  skeletal  muscle  and  bone  mineral  mass 
between  Black  and  White  females  and  their  relevance  to  estimates  of  body  composition. 
Am  J  Clin  Nutr  55:8-13.  1992. 

105.  Paliczka  VJ,  Nichols  AK  and  Boreham  CAG.  A  multi-stage  shuttle  run  as  a 

predictor  of  running  performance  and  maximal  oxygen  uptake  in  adults,  Br  J  Sports  Med 

21:163-165.  1987. 


USACHPPM  Report  No.  12-HF-01Q9B-04 


106.  Palta  M,  Prineas  RJ,  Berman  R  and  Hannan  P.  Comparison  of  self-reported  and 
measured  height  and  weight.  Am  J  Epidemiol  115:223-230. 1982. 

107.  Pate  RR.  A  new  definition  of  youth  fitness.  Physician  Sportsmed  1 1 :77-83.  1983. 

108.  Patton  JF,  Daniels  WL  and  Vogel  JA.  Aerobic  power  and  body  fat  of  men  and 
women  during  Army  Basic  Training.  Aviat  Space  Environ  Med  51:492-496.  1980. 

109.  Physical  Fitness  Training.  U.S.  Army  Field  Manual  (FM)  21-20.  Washington,  D.C.: 
Headquarters,  Department  of  the  Army,  1 992. 

110.  Pivamik  JM,  Bray  MS,  Hergenroeder  AC,  Hill  RB  and  Wong  WW.  Ethnicity  affects 
aerobic  fitness  in  U.S.  Adolescent  girls.  Med  Sci  Sports  Exerc  27:1635-1638.  1995. 

111.  Ploutz  LL,  Tesch  PA,  Biro  RL  and  Dudley  GA.  Effects  of  resistance  training  on 
muscle  use.  J  AppI  Physiol  76:1675-1681. 1994. 

112.  Popovich  RM,  Gardner  JW,  Potter  R,  Knapik  JJ  and  Jones  BH.  Effect  of  rest  from 
running  on  overuse  injuries  in  Army  Basic  Training.  Am  J  Prev  Med  18  (Suppl3):147- 
155.  2000. 

113.  Pratt  M,  Macera  CA  and  Blanton  C.  Levels  of  physical  activity  and  inactivity  in 
children  and  adults  in  the  United  States:  current  evidence  and  research  issues.  Med  Sci 
Sports  Exerc  31  :S526-S533.  1999. 

1 14.  Pueschel  J,  Zirkin  N,  Annexstein  L,  Cordovilla  C  and  Legum  N.  Title  IX  at  30. 
Washington  DC:  National  Coalition  for  Women  and  Girls  in  Education.  Report  No.  2002. 

1 1 5.  Quinn  Q.  Nutrition  News,  2002. 

116.  Ramos  MU  and  Knapik  JJ.  Instrumentation  and  techniques  for  the  measurement 
of  muscular  strength  and  endurance  in  the  human  body.  United  States  Army  Research 
Institute  of  Environmental  Medicine,  Natick  MA.  Technical  Report  No.  T2-80, 1979. 

1 1 7.  Ramsbottom  R,  Brewer  J  and  Williams  C.  A  progressive  shuttle  run  to  estimate 
maximal  oxygen  uptake.  Br  J  Sports  Med  22:141-144. 1988. 

118.  Ritchie  LD,  Ivey  SL,  Woodward-Lopez  G  and  Crawford  PB.  Alarming  trends  in 
pediatric  overweight  in  the  United  States.  Soz  Praventivmed  48:168-177.  2003. 

119.  Roche  AF,  in  Human  Body  Composition,  edited  by  A.F.Roche,  Heymsfield  SB, 
and  Lehman  TG  (Human  Kinetics,  Champaign  IL,  1996). 

120.  Roche  AF,  Heymsfield  SB  and  Lehman  TG.  Human  Body  Composition. 
Champaign,  IL:  Human  Kinetics,  1996. 

121.  Roche  AF,  Siervogel  RM,  Chumlea  WM  and  Webb  P.  Grading  body  fatness  from 
limited  anthropometric  data.  Am  J  Clin  Nutr  34:2831-2838.  1981. 

122.  Rowland  ML.  Self-reported  weight  and  height.  Am  J  Clin  Nutr  52:1 125-1 133. 

1990. 

123.  Sales  DG.  Neural  adaptation  to  resistance  training.  Med  Sci  Sports  Exerc 
20:S135-S145.  1988. 

124.  Sharp  MA,  Knapik  JJ,  Patton  JF,  Smutok  MA,  Hauret  K,  Chervak  M,  Ito  M,  Mello 
RP,  Frykman  PN  and  Jones  BH.  Physical  fitness  of  soldiers  entering  and  leaving  Basic 
Combat  Training.  Technical  Report:  US  Army  Research  Institute  of  Environmental 
Medicine.  Technical  Report  No.  TOO-13,  2000. 

125.  Sharp  MA,  Patton  JF,  Knapik  JJ,  Smutok  MA,  Hauret  K,  Mello  RP,  Ito  M  and 
Frykman  PN.  A  comparison  of  the  physical  fitness  of  men  and  women  entering  the  US 
Army  during  the  years  1978-1998.  Med  Sci  Sports  Exerc  34:356-363.  2002. 


USACHPPM  Report  No.  12-HF-01Q9B-04 


126.  Sidney  S,  Haskell  WL,  Crow  R,  Strenfeld  B,  Obennan  A,  Armstrong  MA,  Cutter 
GR,  Jacobs  DR,  Savage  PJ  and  VanHorn  L.  Symptom-limited  graded  exercise  testing 
in  young  adults  in  the  CARDIA  study.  Med  Sci  Sports  Exerc  24:177-183. 1992. 

127.  Stephens  T.  Secular  trends  in  adult  physical  activity:  exercise  boom  or  bust?  Res 
Q  Exerc  Sport  58:94-105. 1987. 

128.  Strickland  MK,  Petersen  SR  and  Bouffard  M,  Prediction  of  maximal  aerobic  power 
from  the  20-m  multi-stage  shuttle  run  test.  Canadian  Journal  of  Applied  Physioloy 
28:272-282.  2003. 

129.  Teves  MA,  Wright  JE  and  Vogel  JA.  Performance  on  selected  candidate 
screening  test  procedures  before  and  after  Army  Basic  and  Advanced  Individual 
Training.  Natick,  MA:  U.S.  Army  Research  Institute  of  Environmental  Medicine. 

Technical  Report  No.  No.  T13/85,  1985. 

130.  Tomkinson  GR,  Leger  LA,  Olds  TS  and  Cazorla  G.  Secular  trends  In  the 
performance  of  children  and  adolescents  (1980-2000).  Sports  Med  33:285-300.  2003. 

131.  Trowbridge  CA,  Gower  BA,  Nagy  TR,  Hunter  GR,  Treuth  MS  and  Goran  Ml. 
Maximal  aerobic  capacity  in  African-American  and  Caucasian  prepubertal  children.  Am 
J  Physiol  E809-E814. 1997. 

132.  Updyke  WF.  Report  Summary.  Physical  Fitness  Trends  in  American  Youth  1980- 

1989.  Washington  DC:  Willard  Intercontinental.  Chysler-AAU  Physical  Fitness  Program 
Press  Conference, 1989. 

133.  US  Department  of  Health  Education  and  Welfare.  Plan  and  Initial  Program  of  the 
Health  Examination  Survey.  Washington  DC:  US  Department  of  Health,  Education  and 
Welfare,  National  Center  For  Health  Statistics.  Public  Health  Service  Publication  No. 
1000,  Series  1,  No  4, 1965. 

134.  US  Department  of  Health  and  Human  Services.  The  Surgeon  General's  call  to 
action  to  prevent  and  decrease  overweight  and  obesity  2001.  Rockville  MD:  US 
Department  of  Health  and  Human  Services,  Public  Health  Service,  Office  of  the 
Surgeon  General.  Report  No.  WD  210  S9593  2001 , 2001 . 

135.  Vogel  JA.  A  review  of  fitness  as  it  pertains  to  the  military  service.  U.S.  Army 
Research  Institute  of  Environmental  Medicine.  Technical  Report  No.  No.  T14/85,  1985. 

136.  Vogel  JA  and  Friedl  KE,  in  Body  Composition  and  Physical  Performance. 
Applications  for  Military  Services,  edited  by  Marriott  BM  and  Grumstrup-Scott  J 
(National  Academy  Press,  Washington,  D.C.,  1992),  p.  89-103. 

137.  Vogel  JA,  Kirkpatrick  JW,  Fitzgerald  PI,  Hodgdon  JA  and  Harman  EA.  Derivation 
of  anthropometry  based  body  fat  equations  for  the  Army's  weight  control  program.  U.S. 
Army  Research  Institute  of  Environmental  Medicine.  Technical  Report  No.  No.  17-88, 
1988. 

138.  Vogel  JA,  Ramos  MU  and  Patton  JF,  Comparison  of  aerobic  power  and  muscle 
strength  between  men  and  women  entering  the  Army.  Med  Sci  Sports  Exerc  9:58. 1977. 

139.  Wendland-Bowyer  W  and  Higgins  L.  Detroit  Free  Press,  Detroit  Ml,  2002). 

140.  Wenger  HA  and  Bell  GJ.  The  interaction  of  intensity,  frequency  and  duration  of 
exercise  training  in  altering  cardiorespiratory  fitness.  Sports  Med  3:346-356. 1986. 

141.  Westphal  KA,  Friedl  KE,  Sharp  MA,  King  N,  Kramer  TR,  Reynolds  KL  and 
Marchitelli  LJ.  Health,  performance  and  nutritional  status  of  U.S.  Army  women  during 
basic  combat  training.  Natick,  MA:  U.S.  Army  Research  Institute  of  Environmental 
Medicine.  Technical  Report  No.  T96-2, 1995. 


USACHPPM  Report  No.  12-HF-01Q9B-04 


142.  Wilmore  JH  and  Behnke  AR.  An  anthropometric  estimate  of  body  density  and  lean 
body  weight  in  young  men.  J  AppI  Physiol  27:25-31. 1969. 

143.  Wright  JD,  Kennedy-Stephenson  J,  Wang  CY,  McDowell  MA  and  Johnson  CL. 
Trends  in  intake  of  energy  and  macronutrients-United  States  1971-2000.  MMWR  53:80- 
82.  2004. 

144.  Wright  RL,  Swain  DP  and  Branch  JD.  Blood  pressure  responses  to  acute  static 
and  dynamic  exercise  In  three  racial  groups.  Med  Sci  Sports  Exerc  31:1793-1798. 1999. 

145.  Zuidema  MA  and  Baumgartner  TA.  Second  factor  analysis  study  of  physical 
fitness  tests.  Res  Quart  42:247-256. 1974. 


USACHPPM  Report  No.  12-HF-01Q9B-04 


Appendix  B 

Physical  Activity  Questions  on  the 
Youth  Risk  Behavior  Survey 

The  question  number  refers  to  the  number  on  the  questionnaire  for  a  particular 

year 

1. 1991  Questions 

Question  68.  On  how  many  of  the  past  seven  days  did  you  exercise  or  participate 
in  sports  activities  that  made  you  sweat  and  breathe  hard,  such  as  basketball,  jogging, 
fast  dancing,  swimming  laps,  tennis,  fast  bicycling,  or  similar  aerobic  activities? 

Question  69.  On  how  many  of  the  past  seven  days  did  you  do  stretching 
exercises,  such  as  toe  touching,  knee  bending,  or  leg  stretching? 

Question  70.  On  how  many  of  the  past  7  days  did  you  do  exercises  to  strengthen 
or  tone  your  muscles,  such  as  push-ups,  sit-ups,  or  weight  lifting? 

Question  71 .  Yesterday,  did  you  walk  or  cycle  for  at  least  30  minutes  at  a  time? 
(Including  walking  or  bicycling  to  or  from  school.) 

Question  72.  In  an  average  week  when  you  are  in  school,  on  how  many  days  do 
you  go  to  physical  education  (PE)  classes? 

Question  73.  During  an  average  physical  education  (PE)  class,  how  many  minutes 
do  you  spend  actually  exercising  or  playing  sports? 

Question  74.  During  the  past  12  months,  on  how  many  sports  teams  run  by  your 
school  did  you  play?  (Do  not  include  PE  classes.) 

Question  75.  During  the  past  12  months,  on  how  many  sports  teams  run  by 
organizations  outside  of  your  school  did  you  play? 

2. 1993  Questions 

Question  77.  On  how  many  of  the  past  7  days  did  you  exercise  or  participate  in 
sports  activities  for  at  least  20  minutes  that  made  you  sweat  and  breathe  hard,  such  as 
basketball.  Jogging,  fast  dancing,  swimming  laps,  tennis,  fast  bicycling,  or  similar 
aerobic  activities? 

Question  78.  On  how  many  of  the  past  7  days  did  you  do  stretching  exercises, 
such  as  toe  touching,  knee  bending,  or  leg  stretching? 

Question  79.  On  how  many  of  the  past  7  days  did  you  do  exercises  to  strengthen 
or  tone  your  muscles,  such  as  push-ups,  sit-ups,  or  weight  lifting? 

Question  80.  On  how  many  of  the  past  7  days  did  you  walk  or  bicycle  for  at  least 
30  minutes  at  a  time  (including  walking  or  bicycling  to  or  from  school)? 

Question  81 .  In  an  average  week  when  you  are  in  school,  on  how  many  days  do 
you  go  to  physical  education  (PE)  classes? 

Question  82.  During  an  average  physical  education  (PE)  class,  how  many  minutes 
do  you  spend  actually  exercising  or  playing  sports? 

Question  83.  During  the  past  12  months,  on  how  many  sports  teams  run  by  your 
school  did  you  play? 

Question  84.  During  the  past  12  months,  on  how  many  sports  teams  run  by 
organizations  outside  of  your  school  did  you  play? 
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3. 1995  Questions 

Question  77.  On  how  many  of  the  past  7  days  did  you  exercise  or  participate  in 
sports  activities  for  at  least  20  minutes  that  made  you  sweat  and  breathe  hard,  such  as 
basketball,  jogging,  fast  dancing,  swimming  laps,  tennis,  fast  bicycling,  or  similar 
aerobic  activities? 

Question  78.  On  how  many  of  the  past  7  days  did  you  do  stretching  exercises, 
such  as  toe  touching,  knee  bending,  or  leg  stretching? 

Question  79.  On  how  many  of  the  past  7  days  did  you  do  exercises  to  strengthen 
or  tone  your  muscles,  such  as  push-ups,  sIt-ups,  or  weight  lifting? 

Question  80.  On  how  many  of  the  past  7  days  did  you  walk  or  bicycle  for  at  least 
30  minutes  at  a  time  (including  walking  or  bicycling  to  or  from  school)? 

Question  81 .  In  an  average  week  when  your  are  in  school,  on  how  many  days  do 
you  go  to  physical  education  (PE)  classes? 

Question  82.  During  an  average  physical  education  (PE)  class,  how  many  minutes 
do  you  spend  actually  exercising  or  playing  sports? 

Question  83.  During  the  past  12  months,  on  how  many  sports  teams  run  by  your 
school  did  you  play?  (Do  not  include  PE  classes) 

Question  84.  During  the  past  12  months,  on  how  many  sports  teams  run  by 
organizations  outside  of  your  school  did  you  play? 

4.  1997  Questions 

Question  77.  On  how  many  of  the  past  7  days  did  you  exercise  or  participate  in 
sports  activities  for  at  least  20  minutes  that  made  you  sweat  and  breathe  hard,  such  as 
basketball.  Jogging,  fast  dancing,  swimming  laps,  tennis,  fast  bicycling,  or  similar 
aerobic  activities? 

Question  78.  On  how  many  of  the  past  7  days  did  you  do  stretching  exercises, 
such  as  toe  touching,  knee  bending,  or  leg  stretching? 

Question  79.  On  how  many  of  the  past  7  days  did  you  do  exercises  to  strengthen 
or  tone  your  muscles,  such  as  push-ups,  sit-ups,  or  weight  lifting? 

Question  80.  On  how  many  of  the  past  7  days  did  you  walk  or  bicycle  for  at  least 
30  minutes  at  a  time  (including  walking  or  bicycling  to  or  frohi  school)? 

Question  81 .  In  an  average  week  when  you  are  in  school,  on  how  many  days  do 
you  go  to  physical  education  (PE)  classes? 

Question  82.  During  an  average  physical  education  (PE)  class,  how  many  minutes 
do  you  spend  actually  exercising  or  playing  sports? 

Question  83.  During  the  past  12  months,  on  how  many  sports  teams  run  by  your 
school  did  you  play?  (Do  not  include  PE  classes) 

Question  84.  During  the  past  12  months,  on  how  many  sports  teams  run  by 
organizations  outside  of  your  school  did  you  play? 

5.  1999  Questions 

Question  79.  On  how  many  of  the  past  seven  days  did  you  exercise  or  participate 
in  physical  activities  for  at  least  20  minutes  that  made  you  sweat  and  breathe  hard? 

Question  80.  On  how  many  of  the  past  seven  days  did  you  participate  in  a 
physical  activity  for  at  least  30  minutes  that  did  not  make  you  sweat  or  breathe  hard? 
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Question  81 .  On  how  many  of  the  past  seven  days  did  you  do  exercises  to 
strengthen  or  tone  your  muscles,  such  as  push-ups,  sit-ups,  or  weight  lifting? 

Question  82.  On  an  average  school  day,  how  many  hours  do  you  watch  TV? 

Question  83.  In  an  average  week  when  you  are  in  school,  on  how  many  days  do 
you  go  to  physical  education  (PE)  classes? 

Question  84.  During  an  average  physical  education  (PE)  class,  how  many  minutes 
do  you  spend  actually  exercising  or  playing  sports? 

Question  85.  During  the  past  12  months,  on  how  many  sports  teams  did  you  play? 

Question  86.  During  the  past  12  months,  how  many  times  were  you  injured  while 
exercising,  playing  sports,  or  being  physically  active  and  had  to  be  treated  by  a  doctor 
or  nurse? 

6.  2001  Questions 

Question  80.  On  how  many  of  the  past  7  days  did  you  exercise  or  participate  in 
physical  activity  for  at  least  20  minutes  that  made  you  sweat  and  breathe  hard,  such  as 
basketball,  soccer,  running,  swimming  laps,  fast  bicycling,  fast  dancing,  or  similar 
aerobic  activities? 

Question  81.  On  how  many  of  the  past  7  days  did  you  participate  in  physical 
activity  for  at  least  30  minutes  that  did  not  make  you  sweat  or  breathe  hard,  such  as  fast 
walking,  slow  bicycling,  skating,  pushing  a  lawn  mower,  or  mopping  floors? 

Question  82.  On  how  many  of  the  past  7  days  did  you  do  exercises  to  strengthen 
or  tone  your  muscles,  such  as  push-ups,  sit-ups,  or  weight  lifting? 

Question  83.  On  an  average  school  day,  how  many  hours  do  you  watch  TV? 

Question  84.  In  an  average  week  when  you  are  in  school,  on  how  many  days  do 
you  go  to  physical  education  (PE)  classes? 

Question  85.  During  an  average  physical  education  (PE)  class,  how  many  minutes 
do  you  spend  actually  exercising  or  playing  sports? 

Question  86.  During  the  past  12  months,  on  how  many  sports  teams  did  you  play? 
(Include  any  teams  run  by  your  school  or  community  groups) 
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Appendix  C 

Height,  Weight  and  Physical  Activity  Questions  on  the 
Behavioral  Risk  Factor  Surveillance  Survey 

The  question  number  is  from  original  questionnaire  for  a  particular  year 

1.  1991  Questions 

Question  6.  During  the  past  month,  did  you  participate  in  any  physical  activities  or 
exercises  such  as  running,  calisthenics,  golf,  gardening,  or  walking  for  exercise? 
Question  49.  About  how  much  do  you  weigh  without  shoes? 

Question  50.  About  how  tall  are  you  without  shoes? 

2. 1992  Questions 

Question  6.  During  the  past  month,  did  you  participate  in  any  physical  activities  or 
exercises  such  as  running,  calisthenics,  golf,  gardening,  or  walking  for  exercise? 
Question  49.  About  how  much  do  you  weigh  without  shoes? 

Question  50.  About  how  tall  are  you  without  shoes? 

3.  1993  Questions 

Question  42.  About  how  much  do  you  weigh  without  shoes? 

Question  43.  About  how  tall  are  you  without  shoes? 

Module  6;  Question  1.  During  the  past  month,  did  you  participate  in  any  physical 
activities  or  exercises  such  as  running,  calisthenics,  golf,  gardening,  or  walking  for 
exercise? 

4.  1994  Questions 

Question  10.  During  the  past  month,  did  you  participate  in  any  physical  activities 
or  exercises  such  as  running,  calisthenics,  golf,  gardening,  or  walking  for  exercise? 
Question  45.  About  how  much  do  you  weigh  without  shoes? 

Question  47.  About  how  tall  are  you  without  shoes?  ‘ 

5.  1995  Questions 

Question  40.  About  how  much  do  you  weigh  without  shoes? 

Question  41 .  About  how  tall  are  you  without  shoes? 

Module  4:  Question  1 .  During  the  past  month,  did  you  participate  in  any  physical 
activities  or  exercises  such  as  running,  calisthenics,  golf,  gardening,  or  walking  for 
exercise? 

6.  1996  Questions 

Question  15.  During  the  past  month,  did  you  participate  in  any  physical  activities 
or  exercises  such  as  running,  calisthenics,  golf,  gardening,  or  walking  for  exercise? 
Question  49.  About  how  much  do  you  weigh  without  shoes? 

Question  51 .  About  how  tall  are  you  without  shoes? 

7.  1997  Questions 
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Question  44.  About  how  much  do  you  weigh  without  shoes? 

Question  45.  About  how  tall  are  you  without  shoes? 

Module  1 1 :  Question  1 .  During  the  past  month,  did  you  participate  in  any  physical 
activities  or  exercises  such  as  running,  calisthenics,  golf,  gardening,  or  walking  for 
exercise? 

8. 1998  Questions 

Question  13.  During  the  past  month,  did  you  participate  in  any  physical  activities 

or  exercises  such  as  running,  calisthenics,  golf,  gardening,  or  walking  for  exercise? 
Question  52.  About  how  much  do  you  weigh  without  shoes? 

Question  54.  About  how  tall  are  you  without  shoes? 

9.  1999  Questions 

Question  1 0.9.  About  how  much  do  you  weigh  without  shoes? 

Question  10.10.  About  how  tall  are  you  without  shoes? 

Module  11:  Question  1.  During  the  past  month,  did  you  participate  in  any 
physical  activities  or  exercises  such  as  running,  calisthenics,  golf,  gardening,  or 
walking  for  exercise? 

10.  2000  Questions 

Question  6.1.  During  the  past  month,  did  you  participate  in  any  physical  activities 
or  exercises  such  as  running,  calisthenics,  golf,  gardening,  or  walking  for  exercise? 
Question  10.12.  About  how  much  do  you  weigh  without  shoes? 

Question  10.14.  About  how  tall  are  you  without  shoes? 

11. 2001  Questions 

Question  3.1 .  During  the  past  30  days,  other  than  your  regular  job,  did  you 
participate  in  any  physical  activities  or  exercise  such  as  running,  calisthenics,  golf, 
gardening,  or  walking  for  exercise? 

Question  13.10.  About  how  much  do  you  weigh  without  shoes? 

Question  13.1 1 .  About  how  tall  are  you  without  shoes? 

12.  2002  Questions 

Question  3.1 .  During  the  past  month,  other  than  your  regular  job,  did  you 

participate  in  any  physical  activities  or  exercises  such  as  running,  calisthenics,  golf, 
gardening,  or  walking  for  exercise? 

Question  12.10.  About  how  much  do  you  weigh  without  shoes? 

Question  12.1 1 .  About  how  tall  are  you  without  shoes? 
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Appendix  D 

Studies  on  Adult  Trends  in  Physical  Activity 

Studies  of  adult  trends  in  physical  activity  all  suggest  that  physical  activity  is  on  the 
rise  from  the  late  1950s  into  the  1980s  and  1990s.  This  Appendix  provides  a  brief 
summary  of  studies  on  this  topic. 

Stephens  (127)  examined  secular  data  from  a  number  of  different  sources 
including  population-based  surveys  (NHES  II,  NHANES  I,  BRFSS,  Gallup  Polls,  and 
other  national  surveys),  smaller  studies,  overnight  stays  in  National  Parks,  YMCA 
memberships,  purchasing  of  sports  equipment,  and  the  number  of  magazines  on  fitness 
topics.  Although  there  were  methodological  problems  with  many  of  these  comparisons, 
the  data  were  relatively  consistent  from  all  sources.  The  author  concluded  that  “adult 
leisure-time  physical  activity  has  increased  in  the  last  2  decades”  and  “women  have 
increased  their  activity  more  than  men”. 

Jacobs  et  al.  (60)  examined  trends  in  leisure-time  physical  activity  using  the 
Minnesota  Leisure-Time  Physical  Activity  Questionnaire  administered  to  an  Upper 
Midwestern  population.  From  1957  to  1987  there  were  strong  trends  indicating  that 
leisure-time  physical  activity  of  25  to  74  year  old  men  had  increased.  Data  on  women 
was  available  only  from  1980  to  1987  but  they  also  showed  increased  physical  activity 
in  this  time  period. 

Brooks  (19)  compared  physical  activity  data  collected  in  1981  and  1984  among 
adults  25  to  64  years  of  age.  Data  came  from  national  surveys  involving  1)  time  diaries 
of  physical  activity  and  2)  a  marketing  survey.  After  adjusting  socially  desirable 
responses,  the  data  indicated  that  from  1981  to  1984,  the  number  of  sedentary 
individuals  stayed  the  same  but  there  were  increases  in  the  amount  of  heavy  intensity 
(6  to  7  kcals/min)  physical  activity. 

Caspersen  and  Merritt  (21)  analyzed  activity  data  from  the  Behavioral  Risk  Factor 
Surveillance  System  (BRFSS)  in  1986  and  1990.  They  derived  a  4-point  activity  scale 
(inactive,  irregularly  active,  regularly  active,  not  intense,  and  regularly  active,  intense) 
from  self-reported  frequencies  and  duration  of  activity  and  intensities  estimated  from  the 
literature.  In  the  4  year  period,  the  number  of  physically  inactive  men  (ages  18  to  29) 
decreased  from  23%  to  19%  and  inactive  women  changed  little  (25%  to  26%).  The 
number  of  regularly  active,  intense  men  changes  little  (6%  in  both  surveys)  while  active- 
intense  women  increased  from  4%  to  5%. 

Lee  et  al.  (84)  examined  energy  expenditure  in  physical  activity  among  male 
Harvard  alumni  over  three  time  periods.  At  each  time  period  questionnaires  were  sent 
to  alumni  that  asked  about  stairs  climbed,  city  blocks  walked,  and  participation  in  sports 
or  recreation.  The  authors  estimated  that  energy  expenditure  in  physical  activity  was 
approximately  1 ,500  kcal/week  in  1962  to  1966,  approximately  2000  kcal/week  in  1977 
and  approximately  2000  kcal/week  in  1988. 
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